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LETTER OF TRANSMITTAL. 



Columbus, Ohio, July 17, 1911. 
lo Dr. C. O. Probst, Secretary of Slate Board of Health. 

Dear Sir : — Herewith is transmitted a report by Mr, W. H. Dittoe, 
assistant engineer, of a study of the collection and disposal of city wastes 
in Ohio. 

The studies described were carried on by this department durii^ 
1909 and 1910. The procedure of the field and laboratory investigations 
\\s£ arranged by Mr. Paul Hansen, formerly assistant engineer and act- 
ing chief engineer of the Board; and the studies were conducted under 
his direction. Mr. Hansen's retirement from the employ of the Board 
shortly after the completion of the field and laboratory work made it 
impossible for him to prepare this report but we are indebted to him 
for many valuable suggestions which aided materially in its preparation. 

No definite conclusions or recommendations are made as a result 
of these studies and it does not appear advisable that they be made at 
this time, inasmuch as the subject treated is so broad in its scope and the 
present knowledge of it so limited. It is intended, therefore, to simply 
present the facts revealed by a study conducted in as thorough a manner 
as time and available funds permitted ; and it is believed that the data 
presented will be of value in future investigations of the subject. 

Acknowledgement is due the local officials in the various munici- 
palities in which the studies were conducted for their valued- assistance. 
Respectfully, 

R. WiNTHROP Pratt, 

Chief Engineer. 
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REPORT OF A STUDY OF THE COLLECTION AND 
DISPOSAL OF CITY WASTES IN OHIO. 



FOREWORD. 

In 1907 tile (Jhio State Hoard of Health decided to conduct through 
iis engineering dejjartnient a special study of the collection and disposal 
of municipal wastes in several cities of Ohio. On account of unavoid- 
able delays the work was not started until the spring of 1909. It was 
then carried on for one year, until June, 1910, the laboratory studies ex- 
tending to Xovember of that year, Xine cities of the state were selected 
for study, and in four of the largest cities, Cleveland, Cincinnati. Co- 
lumbus, and Dayton, visits of one or two days' duration were made each 
month during the investigation. Each of the live smaller cities, Canton, 
Mansfield, Steubenville, and Zanesvilie, were visited on one or two 
casions during the year. In connection with the field studies, analytical 
data were obtained by the examination, in a special laboratory at Co- 
lumbus, of samples collected in the various cities. 

In this report, it is aimed to present in concise form descriptions ol 
the character and quantity of va.rious city wastes, the methods of collec- 
tion and disposal practiced in Ohio, and the general sanitary anc 
economic efficiencies of the methods in use. 

The studies were carried on under the supervision of Mr. Pan 
Hansen,, assistant engineer and acting chief engineer of the Board. Tlie 
men engaged in the investigations and the compilation of the data con- 
tained in this report were as follows: 

Mr. W. H. Dittoe, assistant engineer; conducting field studies. 
Mr. A, H. Flower, chemist; conducting laboratory studies. 
Mr, R, F. MacDowell, engineering assistant: on field work after 
September 1, 1909. 

Mr. I,. H. Van Buskirk, engineering assistant, 
Mr. M. Z. Rair. engineering assistant. 
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INTRODUCTION. 



City wastes disposal is rapidly becoming one of the most iinjKjrtant 
of municipal problems, and its recognized sanitary aspects are demand- 
ing attention from sanitarians in much the same manner as public water 
supply and sewerage improvements. It has been only in comparatively 
recent years that the attention of engineers and sanitarians has been 
directed toward the problems involve^l in the disposal of city wastes; and 
niiinicipalifies themselves until rather recently have in general neglected 
this important branch of the public service. The collection and disposal 
of municipal wastes, which were formerly considered unpleasant duties 
of the public official, arfe now demanding recognition and careful and 
exhaustive study. From the standpoint of the general health and wel- 
fare of a community, the problem of the disposal of waste material has 
an importance ranking favorably with that of its public water supply 
and sewerage facilities. 

The development in city wastes disposal in this country is of coni- 
parativelj- recent growth, excepting in the large cities where rather well 
organized methods have been practiced for a number of years. In the 
past ten years the development in cities of 50.000 and upwards has been 
rather active, and it is quite likely that this activity will continue in the 
future. 

Omitting sewage, the wastes of a municipality may lie briefly classi- 
fied as follows; 

1 . Garbage. 

2. Rubbish. . 

3. Ashes. 

4. Street cleanings. 

5. Dead animals. 

6. Manure, 

7. Night soil. 

8. \"anDt!s industrial wastes. 

(iarbage is by far the most important of these waste materials, and 
il> ]iro];cr removal ))resents the greatest difiiculty. Tn this country tlie 
word garbage describes those wastes of a putrescJble nature which are 
produced in household, hotel, and restaurant kitchens. It also includes 
vegetable and animal wastes from markets, groceries, and similar es- 
tablishments. Garbage has a commercial value which may be realized 
with proper treatment. A separate collection of this material is cus- 
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tomary. Owing to its putrescible character, its removal must be proper- 
ly cared for or its dtecomposition will take place, resulting in the produc- 
tion of very offensive odors. 

Rubbish is composed of a heterogeneous mixture of discarded ma- 
terials and is largely of household origin. It is made up principally of 
paper, rags, wood, glass, crockery, bottles, tin cans, and numerous other 
wastes. The material as a whole has a commercial value which may be 
realized by separating those iHirtions which are saleable. The collection 
of this class of material may or may not be separate; it is usual to find 
its collectioti combined with that of ashes. 

Ashes may be considered as refiif^e from coal burned in furnaces, 
open grates, or under boilers. They may be classified as household or 
industrial ashes, according to their origin. The collection of household 
ashes is usually combined with that of rubbish, while industrial ashes 
are as a rule disposed of privately. 

Street cleanings incUide that material removed from the surfaces of 
streets and alleys. It varies largely in composition with the locality and 
method of cleaning, but in the ntain consists of dirt from pavements, 
droppings from carts and animals, and at certain seasons of the year a 
variable percentage of leaves and nibbish. 

Dead animals as a class of waste usually consist only of the larger 
animals, but in some cases where complete collection is made the classi- 
fication includes also the smaJler animals such as dogs, cats, etc. 

Manure in a number of classifications has' been included in trade 
refuse. It should, however, be considered a waste of domestic character 
and is demanding attention for municipal removal. It has a market 
value and a ready sale as fertilizing material. 

Night soil is of a sewagic character in that its solid constituents 
are similar to those of sewage. It has, however, a very much lower 
moisture percentage and its consistency is more comparable to sewage 
sludge. It is a waste common to communities of every size but is rarely 
removed at municipal expense. 

» A number of classes of industries produce solid wastes which are 
to be included in municipal refuse. These are principally slaughter 
house offal, cellar excavations, material from building construction, etc., 
and are principally removed and disposed of by the individual. 

A study of wastes disposal should properly inchide observations 
of the handling of material from the point of its origin to the point of its 
final disposal. The methods by which wastes are collected from dwell- 
ings, business establishments, streets and alleys, and conveyed to the 
points of disposal are of. great importance, and in the minds of many 
the economic and sanitary features of this branch of the work are to be 
given more consideration than those of the method of disposal itself. 
This in a measure is a correct view, and no system of wastes disposal 
can be considered complete or satisfactory until there is provided an 
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adequate, well organized system of collection of wastes. Conversely, a 
proper method of disposal must be provided to complete satisfactory 
removal. 

In carrying on the studies herein described, lack of funds and time 
prevented an extensive study of collection systems including observa- 
tions of receptacles provided, frequency of collection, routing of wagons, 
length of haul, etc., and these data were obtained with'only appro.xiraate 
accuracy from information furnished by local officials. The study of 
disposal of waste material in the various cities in Ohio was given con- 
siderable attention, and opportunity was had for observing disposal of 
garbage and dead animals by reduction, incineration, and burying; and 
of rubbish, ashes, and Street cleanings, by dumping on land. 

MHTMODS OK CONDUCTING FIELD AND LABORATORY 
EXAMINATIONS. 

lu carrying on the studies herein described, two principal features 
were kept in mind, namely, the character and quantity of waste material, 
and the methods and efficiency of collection and [lisposal. Of the nine 
cities in which the studies were made, only the four largest ones liad well 
developed organizations of collection and disposal, although in each of 
the cities the collection of garbage was more or less properly cared for. 
In only three of the cities were there systenis of rubbish and ashes col- 
lection, while in the other six there was no organization in this work. 
Street cleaning was found to be municipally carried on in each of the 
cities. In none of the cities, excepting Cleveland, did the municipality 
collect night soil, manure, or dead animals, and the private collection of 
these waste materials was in general carried on in an unorganized 
manner. 

From these conditions it is apparent that no exhaustive studies could 
be made which would include each of the classes of waste material, and 
it was necessary to confine the studies to garbage, rubbish and ashes, 
and street cleaning. Owing to the impossibility of securing accurate 
data concerning the collection of night soil, manure, and dead animals, 
the studies of methods of removing these wastes were perforce confined 
to very general observations. 

The studies of the character and quantity of wastes produced were 
carried on regidarly in four of the largest cities of Ohio where data 
were available ; but were not extensively carried on in the smaller cities. 
In each of the cities particular attention was given to the method of 
disposal, and in the smaller cities where disposal by burning was used, 
furnace tests were made with a view to studying the efficiency. The 
results of these studies are grouped and presented in Appendix II of 
this report under the heading, "The Disposal of Garbage by Incineration 
in Ohio." In these cities, observations of the collection of the material 
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anil ol its character and qiiantit)\ were made in connection with the 
tests conducted at the crematories ; but no attempt was made to carry on 
extensive studies of these features. In a later portion of this report, 
detailed descriptions of the methods of conducting the furnace tests will 
be given. No attempt was made during the investigation to study the 
working efficiency of the reduction plants of the state, but as far as 
possible the results of the ordinary operating conditions were obtained. 

The field studies in the larger cities of the state were carried on 
according to a schedule determined upon before beginning the examina- 
tion. By this schedule it was provided that each city be visited one or 
more days each month and that upon two occasions a week's visit be 
made in each city. This schedule was followed out for each of the cities 
except Cincinnati where it was impossible to arrange for visits during- 
the first few months of the studies. At that city, moreover, no arrange- 
ment coiiUi be made for a full week's visit. At each visit in the various 
cities, observations were made on the character and quantity of garbage, 
and a comjx>site sample covering the day's collection was taken' and 
shipped to Columbus for analysis. In Cincinnati, Cleveland, and Day- 
ton, an additional day was employed <hiring each visit in studying the 
character of the rubbish and ashes, and street cleanings collected. One 
of the dumps was selected for each visit, and all loads arriving there 
during the day were examined. In addition, one or more loads of nib- 
bish and ashes were weighed and a mechanical analysis made of the ma- 
terial of each load, by which its different constituents were determined. 
All ashes arriving were sampled, and tiie composite shipped for analysis. 

fn addition to the actual field observations, deiiartnient records and 
data were secured at each visit in the various cities. 

CoUcctioti of Garbage Samfylcs. Owing to the heterogeneous char- 
acter of garbage, it is realized that the utmost care is required in secur- 
ing a representative sam]>le of the material delivered during any one day. 
The removal of a measured (|iTantity from the cart or H'agon before 
dmnping. was first <lecided u])on. but on trial this method was abandoned 
and it was decided in every case to obtain the sample after the load had 
been dumped. If a fair samjile of the garbage from a load is to be se- 
cured, it is necessary to obtain not only a goixl mixture of the solid 
material init to also incoq)orate in the samjile a projier amount of moist- 
ure before selecting the portion. This introduces a i)ersonal factor in 
the sampling which may permit of a wide variation in the various de- 
terminations, particidarly in that ()f moistiu-e. In ColumbiLs, Dayton. 
and Cincinnati, the work of sampling was not difficult as easy access 
could be had to the material after it had been removed from the wagon 
body. At Cleveland, however, the samples were collected from the gar- 
bage cars immediately after the material had been dumped from the 
wagons at the loading station; the work was very difficult and when 
the (lumping was congested, somewhat irregidar. It was aimed to col- 
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lect a sample totaling 500 jHHinds and this was possible in Dayton and 
Columbus, but was found to be impracticable in Cleveland and Cincin- 
nati and a larger total sample was necessarily collected. From each load 
at Dajton a sample of about 15 pounds was taken; at Columbus, lO 
pounds; and at Cincinnati and Cleveland, about 7 pounds. For prepara- 
tion of the final sample a heavy wooden platform 6 feet square was 
provided and upon this the garbage sample was placed. By using sharp 
shovels or spades the material was finely divided until it became almost 
like a pulp. .\ny water which had drained from the mixing board was 
incorporated into the finely divided garbage and mixed thoroughly. 
After this the material was quartered and the |>rocess repeated until a 
sample of proper size remained. This was then placed in a large wide 
mouthed bottle and sbijiped to the laboratory at Columbus for analysis. 

In chopping up the material, small pieces of wood, metal, rags, 
paper, cardboard, etc, were discarded from the sample. Owing to the 
difficulty of chopping, it also was necessary lo discard large bones" the 
small ones which remained were broken up as much as possible, but it 
was difficult to preserve all the pieces within the mass as the tendency 
of the material was to scatter in all directions when broken with the 
shovel or other tool employed. The result of the loss of this constituent 
of the garbage is quite evident in all of the analyses for phosphoric acid. 
* The irregularity of this constituent and the possible error in the moisture 
are perhaps both due to the difficulty of accurate sampling. Tt is thought, 
however, that sufficient accuracy of sampling was possible to insure the 
correctness of the determinations of the other constituents. 

Tn connection with the sampling of garbage, accurate notes were 
made on each load. These notes included the source from which the 
niaterial was collected; kind of receptacles used; the character of the 
district, whether high or low class residential, business, etc.; the appear- 
ance of the material, noting especially whether wet or dry, its principal 
constituents, and other noticeable features. 

Field Exavtination of Rubbish and Ashes. The studies of the char- 
acter of nibbish and ashes were confined to observation of loads de- 
livered on the days of examination. From visual observation, notes 
were made on each load dumped. These notes contained as complete a 
description as possible of the constituents ofthe load. In addition, one 
or more were weighed each day of observation, and the contents sepa- 
rated into different classes of material. Each class was then weighed 
and the resultant mechanical analyses tabulated. The performance of 
these analyses was done by hired laborers and the completeness of ibe 
work varied considerably. The constituents picked from tlie load, 
namely, the paper, rags, etc., were so small in weight in comparison to 
the residue which was largely ashes and dirt, that only a smaJl percentage 
eri-or was introduced by a failure to secure complete separation. By 
this mechanical separation it was possible to obtain dafa upon the rela- 
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live quantities of rubbish and ashes in the material. A small sample 
of ashes was taken from each load arriving during the day, and after 
mixing and qua.rtering, the final sample was shipped to Columbus for 
analysis. 

Laboratory Studies. In addition to the various observations made 
in the field, special attention throughout the examination was paid to 
obtaining analytical data in the study of the character of municipal 
wastes. For this purpose there was equipped and maintained at Co- 
lumbus a complete laboratory supplied with special apparatus for con- 
ducting analyses of waiste materials. An analyst was engaged con- 
stantly during the studies. To give an idea of the scope of the labora- 
tory work, a total of 237 samples were submitted to examination. Of 
this total there were 139 garbage samples, 28 tankagS samples, 36 com- 
posite ash samples, 8 street cleanings samples, 14 samfTles of garbage ash 
from crematories, 5 samples of fuel ash from crematories, and 7 samples 
of coal. 

On all of the garbage and tankage samples, determinations were 
made for moisture, volatile and combustible matter, ash, calorific value, 
ether extract (grease), phosphoric acid, Kjeldahl nitrogen, and potash. 
In the street cleaning samples the same constituents were determined 
with the exception of ether extract. In the composite ash samples as 
well as the crematory ash samples, moisture, combustible matter, true 
ash, and calorific value were determined. 

'i'he methods of analysis in the main were adopted from those 
recommended by the Association of Official Agricultural Chemists. The 
methods for determination of phosphoric acid, nitrogen, and potash were 
those recommended by the association, antl the methods for the other con- 
stituents were modified to meet conditions of the material analyzed. 
The procedure for moisture determination was studied somewhat dur- 
ing the progress of the work and for the last 50 sam'ples.was modified. 
Until April, 1910, samples i to 197, the procedure for moisture was as 
follows: A sample of about 2 pounds of the garbage was placed in an 
evaporating dish and heated at a temperature of boiling water until ap- 
parently dry. This required several days. It was then placed in a hot 
air oven and dried to constant weight at 100 to 105 deg, C; the loss in 
weight was reported as moisture. The material was then ground in an 
iron mortar and bottled for future use. The laboratory studies demon- 
strated the fact that an appreciable amount of hygroscopic water was 
taken up in grinding, and after April in order to avoid the necessity of 
determining this content in connection with the future analysis the ground 
material was heated for about an hour at boihng temperature, at the end 
of which time it was bottled and tightly stoppered. 

The volatile combustible matter was determined by usual methods, 
heating for a long period at the lowest possible temperature for com- 
bustion. 
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Ether extract, grease, or fats, as the constituent may be termed, 
was determined by the use of the Soxhlet extraction apparatus, lO grams 
of the material being used for the determination. 

The c.ilorimetric determinations were made by the use of an At- 
water bomb calorimeter, and ail of this work was done after the chemical 
work in connection with the field studies had been completed. In this 
way the danger of variations introduced by the presence of heat in the 
laboratory was obviated. 

ORGA.XJZATIOX AXD MANAGEMENT OF DEPARTMENTS 

FOR CITY WASTES DISPOSAL. 

Ill liie larger cities of Ohio in which there ha« taken place an ex- 
tensive development in the handling of waste material, the manner of 
organization of the departments under which the work is done is quite 
uniform. In each case in the large as well as in the smaller cities the 
department of public service has general supervision of the collection of 
wastes and of their disposal. For the four large cities, the following 
diagram will illustrate the organization. 
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This organization is varied somewhat at Cleveland and Dayton, 
where a general superintendent has charge of the sub- departments and 
is directly responsible to the department of public service. At Cin- 
cinnati the city maintains no garbage department, but the private collect- 
ing company operates under the supervision of the street clean depart- 
ment. In Columbus there is no department for the collection of rubbish 
and ashes. In the smaller cities of the state where studies were made, 
there was foimd to be little organization in the collection departments. 
In each of these cities, except Zanesville. private collection is carried 
on at the expense of the householder. This fact tends to place the 
collecting company or contractor out of the jurisdiction of the municipal 
officers, and these officials are consequently not generally familiar with 
the operations of the company. In these cities as in the larger ones, the 
disposal of garbage is under the public service department. . 

The historical facts connected with the development in garbage col- 
lection and disposal in the various cities in Ohio are of interest. In 
table No. I the main facts concerning the development in each of the 
cities studied are briefly given. It will be noted that the earliest de- 
velopment in municipal collection took place in Cincinnati in 1865, 
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while in each of the other cities the development has been of recent 
growth. In the smaller cities of the state the first step in improving the 
garhage collection has been the awarding of a contract to a private col- 
lecting company, and this has been done in each of the five smaller cities 
of the state in which studies were carried on. In only one of these, 
■namely, Zanesville, has the private collection been superseded by munici- 
pal collection. The tendency throughout the state seems to be in a di- 
rection toward municipal control and ownership of the improvements. 
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The (levefopment in systems of street cleatijng has in each of the 
cities preceiled that of garbage collection, but on the other hand organ- 
ized collection of nihbish and ashes has in every case, excepting at 
Cincinnati, developed subsequently to the organization of departments 
for the removal and disposal of garbage. 

The earliest development in the organization of street cleaning de- 
partments was at Cincinnati. In this city municipal street cleaning was 
started in 1865, and the work has been continuously carried on by the 
city since that time. At Cleveland, Columbns, and Dayton, street clean- 
ing has been done by the municipality for a number of years, and no 
evidence cotild be learned showing that the work had ever been carried 
on by private enterprise. At the present time each of the sma41er cities 
of the stale in which studies were carried on, maintain.s a fairly well 
equipped street cleaning department even where no provision has been 
made for municipal care of other wastes. 

In the development of collection of rubbish and ashes, Cincinnati 
shows the earliest attention. In this city this work wa* started with the 
organization of the street cleaning department in 1865. In the other 
cities of the state, however, the development in this direction has been 
of recent growth. At Oeveland, organized collection of rubbish and 
ashes was undertaken by the city in 1906. At Dayton this work has 
been carried on by the city for but a few years. At Columbus and in 
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each ol the five smaller cities, there has been no organization or munici- 
pal control of this work up to the present time. Development of a 
municipal system of collection of rubbish and ashes is in progress at Co- 
lumbus and will no doubt be inaugurated in the near future. 



EQUIPMENT AND METHODS OF COLLECTING AND HAUL- 
ING CITY WASTES. 



For the collection of garbage, particularly in the large cities of the 
state, special equipment suitable for the purpose is provided. Two gen- 
eral types of wagOHs are used. In Cleveland, Columbus, Cincinnati, 
Dayton, Steubenville. and Zanesville, covered steel tank wagon bodies 
are employed, and in the other cities studied the wagons are built with 
two platforms upon which the cans from the householders are placed 
directly. The Cle\'eland and Columbus wagons are of the same type 
and are designed for dumping their contents without removal of the 
wagon bodies. At Cincinnati and Dayton the wagon bodies are removed 
from the running gear and subsequently dumped" after transportation to 
the point of disposal. The platform wagons used in connection with the 
so-called can sj'slem are somewhat less economical than the tank wagons 
but are entirely suited for small cities where the quantities of garbage 
are not great. 

Rules governing the collection of garbage are similar in each of the 
cities where the work is organized. These rules apply particularly to 
the provision of proper receptacles, their location to facilitate removal, 
and where reduction plants are used the exclusion of rubbish and ashes 
from the garbage. Owing to the difficulty of rigid enforcement of the 
rules, they are in all of the cities violated to a greater or lesser degree, 
depending largely upon the character of the people. 

In the smaller cities of the state the material is transported directly 
in the collection wagons to the disposal plants, but in the larger cities 
where the question of length of haul becomes of great importance there 
have been established loading stations where the garbage may he dumped 
inio specially constructed cars or left in the wagon bodies which are 
placed on flat cars and thus transported to the point of final disposal. 
This uietliod is practiced in each of the large cities in Ohio. 

RUBBISH ASHES. 

Although separate collection of rubbish and ashes is practiced in 
certain localities, it was found that in each of the Ohio cities in which 
this work is carried on these wastes are collected and disposed of to- 
gether. In only three of the cities of the state are there organized col- 
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lection systems for this class of material, and in each of the others 
private scavengers a.re depe'nded on. Special types of wagons are used 
at Cincinanti and at Cleveland, while at Dayton a modification of the 
slat board type of wagon is employed. Local conditions are met at Cin- 
cinnati by the use of a back dump wagon manufactured by the city street 
cleaning department, and at Cleveland by the. use of a bottom dump 
wagon of standard make. The type of wagon is not of vast importance 
but it seems to be the consenus of opinion that for best economic results 
the wagon should have a capacity of from three to four cubic yards 
where combined collection of ashes and rubbish is made. 

As is the case with garbage collection, rules have been adopted in 
each of the cities regulating the collection of rubbish and ashes. Such 
rules in general provide for the receptacles to be used, the preparation 
of the material to facilitate collection, and the exclusion of garbage and 
other offensive material from the ashes and rubbish. These rules are 
generally enforced, but the difficulty in accomplishing this permits of 
more or less violation. 

Aside from the equipment for removal of rubbish and ashes from 
households, city de])artments maintain minor equipment consisting of . 
waste paper boxes and baskets located in streets and parks. This de- 
\'elopment has taken place in each of the large cities of the state and 
does much toward promoting the cleanliness of those cities. Where no 
rubbish collection is made, the street cleaning department attends to the 
removal of the waste paper thus accuniidated. 



In each of the cities ni Ohio in which studies were made, there are 
municipal street cleaning dejiartments more or less efficiently equipped. 
In the smaller cities the equipments are less adequate and in a state of 
more incomplete development than in the larger ones, and for this reason 
the studies were confined to observations in Cincinnati, Cleveland, and 
Columbus. In each of these cities well equipped departments are main- 
tained and efficient work is accomplished. 

The equipment of the street cleaning departments in these cities in 
general consists of flushing machines,- machine sweepers, sprinkling carts, 
«'hite wing outfits for hand cleaning, and wagons for the removal of 
street and catch basin dirt. The kind of equipment in the three cities 
varies with the method of cleaning practiced, the relative proportion of 
flushers, machine sweepers, etc., being dependent upon the relative 
amounts of cleaning done by the different methods. 

There were found to be practiced three general methods of street 
cleaning; namely, flushing, machine sweeping, and hand cleaning. Flush- 
ing is carried on by the use of flushing machines alone as at Cleveland 
and Columbus, or by the use of flushing machines supplemented by ma- 
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chine sweepers as at Cindiinati. -Machine sweeping is usually accom- 
plished by the use of sprinkling carts and the old type of machine sweep- 
ers with a revolving broom. The practice at Cincinnati modifies this 
to the extent of substituting the flushing machines for the sprinkling 
carts. The hand cleaning method consists of the removal of the ma- 
terial from the surface of the streets by. hand labor ; brooms, shovels, 
and scrapers being employed. The street may or may not be sprinkled 
previous to cleaning. 

At Cleveland and Cincinnati the street cleaning departments are 
especially equipped to carry on cleaning by flushing. At Cleveland ma- 
chine sweeping has been almost entirely discarded and is now used to 
only a verj- small extent. At Cincinnati, however, the old equipment of 
the department, consisting principally of machine sweepers, has been re- 
tained to be used in conjunction with the flushing machines. In both 
of these cities hand cleaning is al.so an important method in use, and 
records indicate a greater area cleaned by this means than by any other 
method. At Columbus the equipment of the street cleaning department 
allows a relatively small amount of the work to be carried on by flijsh- 
ing. and in that city' the machine sweeping method is the most impor- 
tant. 

in, table No. 2 are given figures representing the total areas cleaned 
by the different methods at Cincinnati, Cleveland, and Columbus. A 
study of this table will indicate the relative importance of the different 
methods as well as show the extent of the work of the street cleaning 
departments. 

TAIiLE XO. ± 

AKK.\S CLKANi;!) l!V V.VRIOUS METHODS OK STUEET I'l.E.WrNr. ItJO^-lQlO. 

Great Squares (10,000 sq. !l,) 

Cincinnati. Cleveland. Columbus. 

im'j. hm. imo- 

I'lushers and ma- I'lushers 14,475 Flushers 18^21 

chine sweepers. . lli(l,439 Machine sweepers.. OOo Machine sweepers. 88,516 
Hand cleaning.... 195,144 Hand cleanitiR.... fnS,(iOn Hand cleaning.... R4.024 



Total .'.. 321,.'»S Total 



Whatever method of street cleaning is employed, it is necessary to 
remove the material collected in the gutters by the use of carts or 
wagons. Where machine sweeping or hand cleaning is done, this is 
usually accomplished soon after the inaterial has been removed from the 
surface. When flushing is used, it is necessary to allow a number of 
■ hours to elapse to permit drainage and pa^rtial drying of the material in 
order that it may be handled with facility. The wagons provided are of 
special type in each of the cities, equipped with dumping appliances to 
suit local conditions.- 
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CHARACTER OF WASTE MATERIALS. 

In the observations made in connection with the study of city wasfe.f 
disposal, a particular eifort was made to learn the character and the' 
quantities of the various wastes. The character of the' waste materials' 
was studied largely by visual observation, but the chemical characteristics- 
were also learned by means of laiboratory determinations. . The visual' 
observations were made in the field, while the chemical determinations 
were made upon samples sliipped to the laboratory. The study of the 
character of waste materials was confined to garbage, rubbish, ashes, 
and street cleanings; the other classes of city wastes being negle«ted' 
owing principally to the unorganized systems of collection of these 
classes.' 

GARBAGE. 

Physical Characteristics. The physical characteristics of the gar- 
bage of the different cities were studied by means of observations made 
on one or more occasions each month during the investigation. It was 
realized before attempting the studies that the physical characteristics 
were subject to fluctuations brought about by a number of factors, the 
most important of which was the seasonal variation. In addition to the 
seasonal variation, the physical characteristics are subject to changes due 
to the source of the material, its moisture content, the time which has 
elapsed since the previous collection, the admixture of rubbish and other 
foreign material, and other numerous factors. Considering the hetero- 
geneous character of garbage and the conditions which tend to affect its 
appearance, it is evident that any attempt to completely describe the ma- 
terial is extremely difiicult. In the observations made it was therefore 
aimed to note only the principal characteristics of the material, such as-- 
its relative moisture content and the most noticeable wastes contained',- 

By means of these general observations on the appearance of the" 
garbage, it was found possible to roughly classify the material in each 
of the cities into five general classes. These for convenience have been 
designated classes A, B, C, D, and E. 

Class A garbage represents residential garbage collected from what 
may be termed high class residential districts. Its appearance was verj* 
similar in each of the cities studied, but it was more subject to the sea- 
sonal fluctuations than any other class of garbage. Its general appear-- 
ance was fresh and clean and it was usually found to contain a large 
proportion of fresh fruit and vegetable refuse. 

Class B garbage typifies that material produced by what may be 
termed medium class residences. It is of practically the same appear- 
ance in the different cities of the state and is with difficulty differentiated 
from class A garbage except in the fact that it has a somewhat less fresh 
and clean appearance. 

Class C represents that garbage collected from the low class and- 
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tenement districts. It is easily distinguished froili other classes of gar- 
bage because of its marked dirty and old appearance. This class is 
similar in each of the cities of Ohio but its unpleasant appearance is 
emphasized where the district from which it is collected is given infre- 
quent attention. In this class of garbage it is customary to find an ad- 
mixture of all sorts of foreign materials. 

Class D refers to kitchen wastes from hotels, restaurants, and eat- 
ing houses. It is readily distinguished from residential garbage by the 
fact that it contains a large quantity of cooked vegetable wastes, has a 
wetter appearance, and is noticeably high in grease content. It usually 
conteiins the same fresh vegetable wastes found in cla.ss A garbage, but 
in smaller percentages. 

Class E refers to those wastes collected from market houses, com- 
mission houses, groceries, etc. This material generally consists of pure- 
ly vegetable or fruit wastes and may also contain a rather large propor- 
tion of rubbish. It is seldom wet in appearance. 

In accordance with the foregoing arbitrar;- classification, an at- 
tempt was made to ,=:qjarate into the variou-; classes the loads observed 
jn the different cities on the days of sampling. The accompanying dia- 
grams in figure No. i have been drawn lo rci)vesent the percentages of 
the total loads observed in each city represented by the different classes 
of garbage. It will be seen that a fair agreement exists in the diagrams 
for the different cities, and the average curve for the four cities does not 
depart materially from the curve for any one of them. It will be seen 
that the residential garbage in the four cities is made up of about 23 per 
cent class A. 57 per cent class 15, and 20 |)er cent class C. The percentagCT; 
of the non-residential garhage. class D and class li, fluctuate widely for 
the different cities, and this is largely due to local conditions affecting 
its collection. 

In addition to the ap|jearance of garbage, its weight must be con- 
sidered ill a. study of its physical characteristics. With no free water • 
throughout the mass, the weight of a unit volume of the material should^ 
be entirely dependent upon tlie character of its composition and upon 
its comjjactncss. These two factor.s of course influence the w-eight of 
the material, but the principal flTu-tuation is brought about by the pres- 
ence of free water which partially fills the voids in the mass. The 
nioisiurc content of garbage that includes this free water is in turn de- 
pendent upon the weather conditions previous to collection, the kind and 
condition of receptacles used, and the general tendency among the peo- 
ple to include or exclude waste liquors with the garbage. 

In two of the cities, namely, Cincinnati and Cleveland, a daily 
record of the weight of the material is kept by the garbage collection 
departments, and knowing its volume its unit weight is readily calculated. 
In each of the cities it was aimed, however, to obtain the actual weight 
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20 SUPPLEMENT TO ANNUAL REPORT 

of tile garbage on the days of sampling, and in Columbus and Dayton 
this information was used in calculating the unit weight of the material. 
In table No. 3 is presented the average weight of garbage per cubic 
. yard for the different cities in Ohio. 



TABLE NO. 3, 

■VERACE WEIGHT OF GARBAGE PER CUBIC YARD. 



Cincinnati* 
Ckvelandt 
Columbus 
Dayton ... 






"I 



I 



1227 1 Sept. '09- 

i J'.uie '10...! 'fi-'i 1 VVaK»ii weiglits at Iciading station. 

I I .Vverane of week i>f sanijiliny. 

1333 ; Mav '00- ' 

I June '10...I 75.(1 Railroarl car weisjlns. samplinR 

I 1 day. 

1173 : May '03- 

' June '10...! 7(1.1 Wason wdghts on route, sampling 



1 






■Average weight per cu. yd., Sept. 1909-June 1910, local record-;. 1225. 
t Average weight per cu. yd,. May 1909-June 1910,-local records, 1:167. 

The fluctuations in the unit weight of the material during the periods 
for which data were collected are presented graphically by diagrams in 
figure No. 2. At Cincinnati, it will be noted that the unit weight is at 
its maximum during the summer months and at its lowest point during 
the winter season. This is also true althotigh not so noticeably in the 
diagrams for the other cities. The low figures during January. Febru- 
ary, and March, 1910, at Columbus, are brought about by the ex- 
tremely cold weaither on the days of sampling. The material was de- 
livered in a frozen condition and was consequently very much less com- 
pact than is the usual condition. It is interesting to note the effect of 
excessive moisture content upon the unit weights at Dayton. 

Composition of Garbage- The composition of the garbage of Cin- 
cinnati, Cleveland, Columbus, and Dayton, was studied by laborS'tory 
determinations for its most important characteristics. It was hojied to 
learn the distinctive features of the garbage from the different cities as 
well as the variation throughout the year. The results of all of tlie 
analytical data thus secured are presented in an appendix to this report. 
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In table No. 4 are given the average, maximum, and i 
suits of determinations for the various constituents of the garbage of 
the different cities. These results are also presented in table No. 5 
calculated to the dry basis. For purjxises of comparison the results on 
the dry basis are of more value in indicating the composition of the 
solid matter of garbage than the aotual determinations on a wet basis. 
An examination of tables Nos, 4 and 5 will indicate the regularity in the 
average results and the similarity of the garbage from each of the cities. 
What differences e.xist may have been caused by improper sampling or 
unsuitable sampling days. The phosphoric acid determinations are 
known to be lower than the actual content, and this is due entirely to the 
impossibility of securing a representative sample. By excluding large 
bones, etc., appearing in the sample, upwards of fifty per cent, of the 
phosphoric acid was lost. 

With the marked seasonal variation in the appearance of garbage, it 
it natural to expect that a variation in the composition of the material 
also exists. It was with the view of demonstrating the seasonal variation 
in the composition of garbage that the schedule of sampling extending 
over a period of one year was decided upon. 

The seasonal variation in certain characteristics of garbage, namely, 
its percentage of moisture, ash and combustible matter, and its calorific 
value, is well shown in the results of the laboratory studies. This 
variation, while not so apparent in the results for any one locality, is 
illustrated in the averages of the results for the four cities of Ohio. In 
figure No. 3 are diagrams representing the monthly variation in the aver- 
age determinations for Cleveland, Cincinnati, Columbus, and Dayton, of 
certain characteristics of garbage. 

The diagram for moisture shows that the ma.ximuni is reached dur- 
ing the summer months, the determinations for the different cities hav-' 
ing their high points in August and September. On the other hand the 
minimum moisture content occurs during the late winter and spring 
months. Corresponding to this fluctuation of moisture, the percentages 
of ash and combustible matter and the calorific value are at their mini- 
mum during the summer months and at their maximum during the late 
winter and spring months. 

In figure No. 4 are diagrams presenting graphically the variation in 
percentages of ash and combustible matter and of calorific value. In 
these diagrams the values of figure No. 3 are calculated to the dry basis, 
by which the effect of moisture fluctuation is avoided. It will be seen 
in the diagrams of figure No. 4 that but a slight variation occurs 
throughout the year in the values of the constituents in the dry tnaterial. 
The ash diagram shows a tendency of lower percentages during the 
winter months, while the combustible matter is somewhat higher at that 
season. The calorific values follow the percentages of combustible mat- 
ter quite regularly, 
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The variation in certain of the chemical constituents of garbage as 
delennined by analyses of composite samples, is presented graphically 
by diagrams in figure No. 5, The values for these diagrams are calcu- 
lated upon the dry basis, by which the effect of fluctuations in the moist- 
ure content is avoided 

It will be seen that the ether extract diagram shows no accountable 
variation in this constituent throughoiW the year. The phosphoric acid 
percentages are all low due to inaccurate sampling, and the diagram il- 
lustrates no valuable data concerning the fluctuation of this constituent. 
The nitrogen diagram shows small fluctuation, the only noticeable varia- 
tion occurring in August when the minimum percentages for each of the 
cities were founil. The potash diagram is fairly regular hut exhibits 
generally Ii)\\er percentages during the winter months. 

Taking the results as a whole, it will be seen that the analytical de- 
terminations for ether extract, phosphoric acid, nitrogen, and potash, 
fail to indicate a regiUar or accountable seasonal variation in these con- 
stituents. This fact does not show conclusively that such variation does 
not exist, anil the failure to indicate it is probably due to two principal 
reasons. The sampling day selected each month may not have been rep- 
resentative of the average character of the garbage for that month; and 
the diffictiity of securing a fair sample of the material may have pre- 
vented the securing of evidence of the seasonal variation. Considering 
this failure to ' demonstrate the seasonal variation in these constituents, 
it appears that the principal value of the results must be derived from 
the averages. 

KUIIIUSH AND ASHES. 

The Study of the character of each of these wastes was rendered 
diffii:ult owing to tlie fact that in no city in Ohio are they collected sepa- 
rately. Inirlhermore. it was in no case possible to make complete ob- 
servations on all of the material removed from any of the cities on a 
particular day, owing to the fact that several points of disposal are 
used in each city. It was, therefore, necessary to select for study and 
visit but one dumping point at a time and to make observations on the 
material delivered there during the day. The visual observations were 
valuable in indicating the general character of the material, but accurate 
information was obtained by actual mechanical analyses of the material 
made in the field. By means of these analyses, the rubbish in those 
loads examined was separated frOm the ashes, and the ruljbish was 
further separated into various component portions. 

As the opportunity was offered, during the study of the character of 
rubbish and ashes, loads of the material were weighed. The weighed 
loads were generally those which were submitted to separation and 
chemical analyses; and it was found that the composiiion of the material 
had an effect on its unit weight. The average weight of ashes per cubic 
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yard is given by H. deB. Parsons (The Disposal of Municipal Refuse, 
iv>o6) as 1350 pounds, and of rubbish as 200 pounds. A mixture of 
these two classes of waste will vary between these figures, depending on 
Llie relative percentages of each. 

In table No. 6 are given figures representing the average weight per 
cubic yard of mixed rubbish and ashes at Cincinnati, Cleveland, and 
r*ayton. The !lgures for Cleveland and Dayton are obtained by averag- 
ing all of the weighed loads, while the value for Cincinnati is a weighted 
average taking into account- the heavy winter collection of ashes. In 
the two former cities, seasonal variation in the weight of the material 
does not occur, but at Cincinnati the unit weight during the winter 
mouths is greatly increased by the presence of a large percentage of 
ashes. The moisture content of the ashes also plays an important part 
in determining the unit weight, and this is shown in the data presented 
in table Xo. 6. 

TAIil.E NO. 6. 
AVKR.vcK Wi;i(.;nr OF ki'htiisie — asiif-S i'er cubic yard. 



Cleveland 
Dayton . . 
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36 


1 
T86* 




834 1 


15 


1090 



May 190i)-June HMO.! 
May 1003-Jiiue 1010. | 
May 19(«-May 1910..; 



'84.1 ! 
90.7 i 



♦Weighted average; Jan., Feb., Mar., Dec, 935 lbs. per cii. yd. 
April to Nov. G82 lbs. per cu. yd. 

. A siuninary of the separation of the rubbish and ashes during the 
studies is presented in table No. 7. In this table the figures are on a 
basis of weight. It will be seen that in each of the cities the ashes con- 
stitute the bulk of the material, the rubbish making up but a small per- 
centage of the weight. The rather low percentage of rubbish in Cleve-- 
land, a city in which gas is the principal fuel, in comparison to Cincin- 
nati in which coal is generally used, is brought about principally by the 
fact that at Cleveland the city is engaged in a separate collection of 
waste paper, which it is well known constitutes an appreciable percentage 
of the rubbish. 

At Cincinnati the rubbish collected is of much greater quantity rela- 
tively than that collected at either Dayton or Cleveland. The apparent 
percentages of ashes as given in table Xo. 7 are moreover affected by 
the moisture content of the ashes. If the average percentages of moist- 
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lire for Cincinnati, Cleveland, and Dayton, are deducted from the aver- 
age percentages of ashes in table No. 6, the average percentages of dry 
ashes from the three cities become — Cincinnati, 73.7 per cent; Cleveland, 
70.0 per cent; and Dayton, 71.4 per cent. 



TABLE NO. i 

UMMARY OF PERCENTAGES OF B 



[SIl AND ASHES. 




Cincinnati 
Cleveland 
Dayton . 



The seasonal fluctnation in the character of rubbish and ashes is 
sliovvn principally in the variation in the relative amounts of rubbish and 
of ashes in the material. Only at Cincinnati, however, is the fluctua- 
tion apparent. Here the percenuge of ashes is at a maximum during 
the winter montlis and at a minimum during the summer season. This 
is the natural result when coal is extensively used as a fuel. At Cin- 
cinnati the summer material is made up in volume of approximately 35 
|jer cent ashes and 65 per cent rubbish, and during the winter months 
i)f 75 per cent ashes and 25 per cent rubbish. At Cleveland and Da.y- 
lon slight seasonal fluctuation occurs in the relative percentage of ashes 
and rubbish, and the material is of fairly regidar composition through- 
out the year. 

Rubbish. Rubbish consists of that portion of household waste 
whicii cannot be included in a classification of garbage or ashes. It may 
contain any discarded article but its principal and most noticeable con- 
stituents are paper, rags, wood, tin cans, glass, crockery and bottles. In 
itself it is without objectionable odor and does not decompose and be- 
c<;»nie offensive. When it contains even a small amount of garbage or 
other putrescible material, the mass as a whole becomes odorous and 
objectionable. In table No. 8 are presented summarized analyses of 
rubbi.sh from Cincinnati, Cleveland, and Dayton. These figures give 
ihe relative percentages of the different constituents of the true rubbish 
jjortions of the load separated, neglecting the ashes portion which con- 
,-titutcs the principal part of the load. The seasonal variation of the 
character of the rubbish was not demonstrated, and there is no reason 
to believe that such variation exists. 
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TABLE NO 8. 

AVERAGE COMPOSITION OF RUBBISH. 
May^ mog-June, 1910. 
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■4! 
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26 

40.3 
6.7 
7.2 

15.9 
2.5 


28.9 
7.6 
13.6 
18.6 
3.6 
1.1 
















Tins 












Bottles — 

WeJo-ht 







Number [28 

Broken glass and LToekcry I 11. ( 

.Leather ! 2.- 

Garbage — | 



Ashes. Tiie ashes numicipally collected at Cincinnati, Cleveland, 
and Dajfton, in connection with the rubbish collection, are almost entire- 
ly of household origin. Steam aShes or those produced in industrial 
power plant's are a< a rule not disposed of on the city rubbish dumps. 
They are in all cases privately cared for, and their handling does not 
constitute a problem for the municipality. A study of the character of 
the ashes in the different cities was confined to the collection of 
composite samples from the loads received during one day and the 
subsequent mechanical and lalxiralory analyses of the material. The 
mechanical analyse^; consisted in separation by means of a -^^-inch 
tnesh screen, of the fine material from the clinker and unburned coal. 
The rela'tive proportions of clinker and unburned coal were also de- 
termined by separation. In table No. 9 the average results of the me- 
chanical analyses of ashes from the three cities are given. By recalcu- 
lating the results to indicate the relative percentages of unburned coal 
and clinkers and cinders which might be separa.ted from the fine materia! 
by screening, the results in table No. 10 were obtained. 
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TABLE NO. 9. 

SUMMARY OF MECHANICAL ANALYSES OF COMPOSITE SAMPLES OF HOUSE- 
HOLD ASHES. 
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May 1909-Jun 
May 1909-Jun 
May 1909-Jun 


1910. 


24.4 


6.6 


69.0 




4 

7 


1910. 

1910. 


19.5 

21.1 


15.6 
12.7 




Dayton 


66.2 



TABLE NO. 10. 

SUMMARY OF RELATIVE PERCENTAGES OF UNBURNED ( 
AND CINDERS. 



, AND CLINKERS 



(Results calculated from those of Table No. 9.) 
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78.7 
55.5 
63.5 
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The laboratory analysis of ashes consisted in determining moisture, 
combustible, ash, and calorific value. The moisture content is largely 
dependent upon the exposure of material to the weather previous to col- 
lection, and therefore to present more comparable figures, those of table 
No. II are recalculated on the dry basis and presented in table No, 12. 
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TABLE NO. 11. 

SUMMARY OF A^IALYSES OF COMPOSITE SAMPLES OF ASHES. 





Number Analyses. ■ 

I? 
1 


Percent:^ 


s. 






Moisture. 

Combustible 
Matter. 


< 


> 

(5 


Cincinnati 


7 1 May 1909-June 1910... 
6 ; May ISOO-June 1910... 
9 1 May 1909-June 1910... 


7.8 30.5 
14.1 32.0 
19.3 1 21.6 

1 


61.7 
83.9 
59.2 


3087 








2517 







TABLE NO. 12. 

KE.SUI.TS OF TAHr.E NO. 11 CALCUL.\TED TO DRY IJ.VSIS. 




Cincinnati 
Cleveland 
Dayton ... 



I May 1909-Jiine 1910. 
I May 1909-June 1910. 
I May 1909-June 1910. 



The examinations of ashes in general show that the material as 
collected contains 30 -to 35 per cent of coarse material which may be 
separated from the fine portion by screening. Approximately 50 to 80 
per cent of this coarse material, or 20 to 25 per cent of the ashes as a 
-whole, consists of unburned coal which has a fuel value. This fuel 
value may or may not warrant the separation of the unburned material 
from the ashes. 

STREET AND CATCH BASIN CLEANINGS. 

The opportunity to study the character of this class of city waste 
was limited to observation of its appearance at the dumps in the various 
cities and to chemical analyses of a small number of samples collected. 
The character of the material removed from the surface of streets de- 
pends upon the kind of pavement and upon the method as well as 
frequency of cleaning. Without making an extensive study, it was im- 
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possible to learn accurately the effect of these factors upon the char- 
acter as well as the quantity of the material removed. 

As previously described, there are in use three general methods of 
street cleaning in Ohio, namely. Hushing, hand clea^ning, arid machine 
cleaning. When the street is flushe<l, water is applied at a considerable 
velocity which carries the material to the gulters, and a targe propor- 
tion which is held in suspension in the water enters the catch basins. 
This method cleans a smoothly surfaced street almost perfectly, but the 
material which is removed by wagons subsequent to the flushing is com- 
paratively small in amount, due to the fact that such an appreciable 
quantity is carried into the sewers. Where flushing is extensively used, 
the cleaning of catch basins becomes more necessary and must be in- 
cluded in the complete cleaning of the street. The character of the ma- 
terial removed by flnshing is soniewJiat different from that removed by 
other methods as it contains a Jiiglier moisture content and a somewhat 
greater percentage of siliceous material. 

Cleaning by hand am] by machine brooms is somewhat similar so 
far as the eflfect on the ciiaracter of the material and the effectiveness of 
cleaning is concerned. For pro])er cleaning by these methods, the sur- 
face should be sprinkled to avoid dnst, and this wetting causes a large 
amount of the finely divided material to adhere to the surface of the 
street.s, later to again appear a,- dust. .'Street cleanings from hand and 
machine operations are drier in appearance and contain less fine material 
and more manure than cleanings removed by flusbers. 

The value of street cleanings as a fertihzing material haSJjeen often 
claimed and has to some e.>;tent been studied by the U. S. Department 
of Agriculture. These studies have been limited, however, to requests 
for information from municipalities, etc., and cannot be considered as 
complete. In Ohio no utilization of the material is made. 

. In table -No. 13 are given the average results of analyses of mis- 
cellaneous samples of street cleanings collected during the studies. The 
mimber of analyses is so limiied that the results cannot be said to give 
true average results. 
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TABLE NO. 13. 

SUMMARY OF ANALYSES OF STREET CLEANINGS. 
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Cincinnati 
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Cleveland 


2t 1 29.0 


48.8 


22.2 


2133 


.18 


.30 


.14 






82.1 


17.9 


1680 




.24 













• Material cleaned from streets by flushing machines. Principally granite 
pavements. 

t Dry in appearance largely from white wing cans. Principally granite and 
hrick pavements, 

J Sample dry and dusty. Taken from material removed from dry asphalt 
streets by hand broom and scraper. 



QUANTITIES OF WASTE MATERIALS. 

Ill learning the quantities of the various waste materials in the Ohio 
cities, data secured from the city departments having charge of the col- 
lection and removal of the wastes were obtained. At Cincinnati and at 
Qe^eland it was possible to secure actual weight and volume oi the 
garbage collected and a record of number of cubic yards of rubbish- 
ashes and street cleanings. At Columbus and Dayton only a record of 
the number of loads of garbage collected could be secured, and estimates 
of the weight were necessarily made upon the basis of data secured dur- 
ing the studies. At Dayton the records of rubbish-ashes collected con- 
sisted in the number of wagon loads, which were readily converted into 
the number of cubic yards. Quantities of street cleanings at Columbus 
were reported in cubic yards by the street cleaning department. 



The total fpiantity of garbage produced in a municipality as repre- 
sented by the anioimt collected is dependent upon a number of factors, 
the most important of which are the character of the population, the 
general tendency to furnish the material for collection, and the efficiency 
of the collection system itself. The character of the population has 
without doubt a marked effect upon the per capita quantity of ga.rbage 
produced. The presence in a community of a large percentage of 
foreigners will result in a reduction in the average production of the 
material. This class of the population owing to its habits of living does 
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Hot produce an amount of garbage equal to that from the average 
American household. Furthermore, the foreign population as a rule is 
most 'lifficult to educate in the necessity of providing proper receptacles . 
lo facilitate collection, and this also has a marked effect in reducing the 
per capita prochiction from this class. The practice of burning garbage 
at the household in furnaces and stoves is also a custom among certain 
classes of persons but cannot be said to be typical of any of the cities 
of Ohio, The effect of private collection, by farmers and rendering com- 
panies, of household and hotel garbage I's also a factor to be considered 
as causing an apparent reduction in the per capita production. Where 
there is an efficient collection system, the effect of private removal is 
generally nctt so marked. If, hov.ever, the municipal collection depart- 
ment is ina<le'|uate ur improperly conducted, the unit production of gar- 
bage represented by the <|uaniily coUecled will he reduced. In the city 
of Cleveland the large percentage uf foreign population and the activity 
of private collecting companies are the prinL-i|j.-tl factors which reduce the 
apparent per capita production. This result exists even with a well 
e<juipped and efficient municipal garbage deijarlment. 

In table Xo. 14 are presented figures giving the total and unit 
quantities on a per capita basis of garbage collected in four citic'^ in 
Ohio during the years 1907 to 190*). It will be seen that on the basis of 
volume the unit quantities at Columbus and Cincinnati are in excess of 
those of the other cities, while at Dayton the unit quantity on a weight 
basis is somewhat higher showing the effect of the excessive moisture 
content of the material in that city. It is interesting to note the low 
unit quantities at Qeveland, brought about no doubt by the influences 
before mentioned. 

With an efficient collection system, the fluctuation in the qnantity 
of waste material collected during the different seasons of the year 
should follow the production. From the average household the greatest 
production occurs during the summer months when vegetables and 
fruits constitute the principal diet. During that season of the year, 
therefore, it should be expected that the quantities collected be at their 
maximum. In a review of the monthly records of the garbage collec- 
tion departments in the Ohio cities, it is found that this is true in each 
case. 

In table No. 15 the per capita quantities of different waste materials 
for the four cities in Ohio are assembled. The figures in this table are 
cailculated from data secured from the city departments. The figures 
representing the unit quantities of garbage collected are presented 
graphically in figure No. 6 and figure No. 7, which represent the cwbic 
yards and pounds, respectively, per capita per month. These diagrams 
illustrate clearly the seasonal fluctuation in the unit production. Their 
general tendency is similar in that the maximum quantities occur dur- 
ing July, August, and Se])tember, and the minimum quantities during 



Uq.i.ze.b.'C^OO'^IC 



STATE BOARD OF HEALTH. 3l 

the winter months. The Cleveland diagram departs somewhat from 
those for the other cities, exhihiting more regularity throughout the 
year with a less noticeable maximum during the summer months. This 
may be in part accountable by the fact that a large percentage of the 
population, notably the foreign portion, is no more productive of the 
garbage in the summer thne than in other seasons of the year. 



TABLE NO. 14 

TOTAL AND UNIT QUANTITIES OF GARIIAGE COLLECTED ANNUALLY. 
1007-1908 and 1909, 



190T. '■ Population 

; Tons 

' Lbs. Per Capita 

190S. 1 Population 

I Cuhlic Yards 

1 Tons 

I Cu. Yds. Per Capita. 
I Lbs. Per Capita 

19fl9. i Population 

I Cubic Yards 

' Tons 

I Cu. Yds. Per Capita. 
Lbs. Per Capita 



352,000 I 507.000 
<• ;i2.500 : " 37,600 
148 



^■|fi.Of)0 

6 f.-2.200 

3-2.240 

.1466 



rr>.i,000 ■ 170. 000 

<■ (>'..997 b 22.750 

41. -334 I J 13.500 

.12-57 1 .imS 

157.4 I 159 

543,000 i 176,000 ' 



110.300 
b 13,480 
•I 9,941 



■ -1-1,760 ' 

.1500 1 .1215 I 

19:t.4 I 104.5 

I I 



a A tual ght Department recnrils. 

b\ lun ca! ul ted from number ot \v:igon loads. 

c \ olume al ulated from number of car loads, 

rf\^eBht 1 ulated from data on unit weight secured durin 



As is the case with the garbage, the quantity of rubbish and ashes 
produced in the city, as represented by the quantity collected is de- 
pendent upon the character of the community, the effect of private col- 
lection, and the efficiency of the municipal collection system. In those 
cities in which coa! is used commonly as a fuel, the per capita quantity 
of ashes will be higher than in the so-called "gas city." On the other 
liand the combustible rubbish is likely to be reduced in the coal city as 
the opportunity for burning it in furnaces, stoves, and grates, is of- 
fered. In many cities, private enterprises are engaged in the collec- 
tion of waste paper, resulting in a noticeable decrease in rubbish col- 
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lected. Of principal importance is the efficiency of the collection 
system. When frequent and regular collections are made, the people 
are educated to prepare the waste matrial to facilitate removal, and 
learn to appreciate the importance of its proper disposal. 

In table No. i6 are figures representing unit quantities on a per 
capita basis of rubbish and ashes collected in three of the Ohio cities. 
In the city of, Cincinnati (he figures for three years, from 1907 to 1909, 
indicate a constancy in the quantity of the material removed. At Cleve- 
land the records for the same years show an increase. At Cincinnati 
the rubbish department has been operating since 1865 and at the pres- 
ent time has reached almost its highest degree of development. At 
Cleveland, on the other hand, the department was organized in 1906 and 
is 'now undergoing progressive growth. At Dayton no records were 
kept prior to 1909. 



TABLE NO. 16. 

ND UNIT QUANTITIES OF RUBBISH AND ASHES COLLECTED 
AXNUALLYj 19O7-1909. 



l!>07. 

Population 

Cubiic yards 

Tons* 

Cubic yards per capita.. 
Pounds per capita 
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Cubic yards 

Tons* 

Cubic yards per capita., 
Pounds per capita , 

1909 

Population 

Cubic yards 

Tons 

Cubic yards per capita... 
Pounds per capita 
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507,000 1 
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167,084 ! 
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229,818 
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90,830 


83,650 


.6455 


.3821 
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360. 000 


543,000 


232,634 


202,752 


87,611 


84,550 


.6183 


.3734 


486 


311,6 



113,500 
55,414 
30,200 



* Weight in tons estimated from data secured during studies as follows : 
Cincinnati, 787 lbs, per cubic yard; April to Nov., 682 pounds; January, 
February, March and December 935 pounds. 
Qeveland, 834 lbs. per cubic yard. 
Dajion, 1.090 lbs. per cubic yard. 
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The fluctuation in the quantity of rubbish collected during the dif- 
ferent months of the year is shown in table No. 15 given on a foregoing 
page. The figures in this table are presented graphically in figures 
Nos. 8 and 9. The fluctuation at Cincinnati shows clearly the seasonal 
effect on the unit production. During the winter months the general 
use of coal causes a marked increase in the quantity produced. On the 
other hand, the minimum quantities occur during the summer months 
when the corresponding use of fuel is low. The diagrams for Cleve- 
land and Dayton do not illustrate a marked seasonal fluctuation and 
more regularity throughout the yeu'r is apparent. This in the case of 
Cleveland is probably due to the general use of gas as a fuel, and at 
Dayton to the fact that the development of the collection system is 
somewhat less tomplete than in the other cities. 

STREET CLE.\NINGS. 

The quantities of street cleanings removed are dependent upon the 
kind and character of paving, methods of cleaning, and the efficiency of 
the department. The quantity of material required to be removed is 
smaller where the streets are completely paved and kept in good repair. 
Cleaning of streets by flushing reduces the quantity to be removed for 
the reason that a large amount of material is carried into the sewers 
through the gutters. The enforcement of local regulations prohibiting 
the littering of streets with rubbish, droppings from wagons and carts, 
and waste materials from construction, also has a marked effect in re- 
ducing the quantity of street cleanings to be removed. These factors 
could not, however, be studied during this investigation without involv- 
ing unreasonable time and expense. 

In table No. 17 are presented total and unit quantities of street and 
catch basin cleanings for three of the cities of Ohio. In connection with 
a study of this table it may be of interest to refer to table No. 2 giving 
the methods of cleaning used for these cities. 

The imit quantities of street cleanings given in table No. 15 are pre- 
sented graphically in figure No. 10. It will be seen that in each of the 
cities fairly uniform removal takes place during the greater portion of 
the year, the minimum activity occurring during the winter months when 
weatlier conditions interfere with the work. It is of interest to note 
the "clean up" occurring in April, 1909, in Cleveland, and in March, 
1910, in Colnmbiis, following neglect of the streets due to weather con- 
ditions during the winter months. 
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TABLE NO. 17. 

TOTAL UNIT QUANTITIES OF STREET AND 1.-ATCII BASIN CLEANINGS. 




T 

Year 1 1907 

Population I 352,000 

Squares cleaned (10,000 sq. ft.) : 16-2, 7fil 

Street cleanings, cubic yards | 90,600 

Cubic yards per capita .2574 

Snow removed , cubic yards ] 3401 

i liK)8 
I 

Population 356,000 

Squares cleaned (1(',000 sq, ft.) 1 270,916 

Street cleanings, cubic yards ! 148,870 

Cubic yards per capita I .4183 

Snow removed, cubic yards | 1,550 

Catch basin cleanings, cubic yards 15,46!) 



Popuhiion 

Squires (.leaned tlO IIOU ■'q ft ) 

Street cleanmgs LUbie lards 

Cubic yards per capita 

Snow removed 

Catch basin cleaning eubii. vards 



507,000 ) 

309, J74 I 

170,000 ; 

.33,-i8 ! 



180,000 
190,761 
59,119 
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METHODS OF FINAL DISl'OSAI-. 
Various methods of disposal of the wastes of the municipalities of- 
Ohio are practiced. Those cities in which studies were made had de- 
veloped the greatest perfection in this work and in each city there was 
maintained a suitable plant for the disposal of garbage and proper facil- 
ities for the disposal of other wastes. The following outline will give 
in brief form a statement of the methods employed in the cities studied. 



METHOnS or DTSrOSAI 
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G.\R]\\C,E. 

During the studies, the opportunity was had for studying three 
methods of disposal of garbage, namely, disposal by burying, by reduc- 
tion, and by burning. Disposal by burj-ing was practiced in Cohimbus 
during the period of tlie investigation, tliis method being supplanted by 
reduction in July. 1910. after the field work had been completed. In 
Cleveland. Cincinnali. and Dayton, the reduction pi'occ-'is !ias been used 
tor a number of years, while in eai-h of the smaller citie.s the garbage is 
burned in municipally i>\vned iTt-matorie-s. 

Disposal by Burying, This method of disiwsal may be considered 
a.s the primitive one in this state as has been the case elsewhere. It was 
found to he in use in but one of the cities studied, namely, Columbus, 
but in a great number of the mnnici|)alities throughout the state it is the 
customary method of disposal. This is especially true of the smaller 
conuuunities. At Columbus this method was employed as a temporary 
c-^pedient during the time elapsing between the expiration of a contract 
with a private compau}- and the construction of a municipal reduction 
plant. 

To provide a place for the disposal of garbage, the city of Columbus 
purchased a farm of 70 acres suitably located southwest of the city and 
employed it continuously from 1906 to igio as a burial ground for all 
garbage, night soil, and dead animals from the city. The material was 
placed in pits dug to a depth of about two feet, with an average width 
of seven feet and of indefinite length, and covered with a layer of from 
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one to two feet of loose soil. Approximately fifteen acres of land were 
used in this way eadi year, and observation pits indicated that two and 
one-half years after burial, the garbage had been converted to a> stable 
condition and the land was ready to be used again. 

Disposal by burying when properly conducted and when the point 
of disposal is suitably located, gives no cause for objections from a sani- 
tary standpoint. At Columbus the method was entirely without objec- 
tion as the burial ground was located at a distance of at least one thous- 
and feet from any dwelling and extreme care was taken to avoid the 
production of odors by prompt covering of the material after dumping. 
The principal objection that has been raised to this method of disposal, 
especially in large cities such as Columbus, has been the extremely long 
haul which is required in conveying the garbage to the burial ground. 
In small communities where this feature does not create an objection, 
the method of disposal is entirely satisfactory. 

Disposal by Reduction. In Cleveland, Cincinnati, Dayton, and re- 
cently at Columbus, garbage is disposed of by the reduction process. At 
Cleveland and Columbus the plants are municipally owned and operated, 
while at Cincinnati and Dayton they are privately owned and operated 
under contract with the municipality. At Toledo, the other large city 
of the state, there is at' present being constructed by a private company a 
reduction plant to treat the garbage of the city. When this shall have 
been done, all of the cities in the state with populations of iQO,ooo and 
upwards, will be equipped with reduction plants for the disposal of 



The reduction process has been developed in this country during 
the past fifteen years. Until recently the process has been entirely in 
the hands of utilization companies which secured contracts with munici- 
palities and in many cases received large returns from their investments, 
in recent years, however, municipalities have turned their attention to- 
ward municipal ownership of garbage reduction plants, and the conse- 
quent attention which the engineering profession is giving to this problem 
is accomplishing much in the improvement of the process. In 1906 there 
were not more than twenty reduction plants in the United States, all 
operated by private companies. The development in recent years, how- 
ever, has materially increased the number, and the reduction method is 
almost universally used in the large cities of the country. 

Garbage reduction is a process by which the raw material is treated 
to separate the solid and liquid portions and recover the grease contained 
from one or both. The solid portion, known as tankage, and the grease 
have a market value and are sold, while the liquid portion is principally 
water and is a waste from the process. It is objectionable if. it carries 
with it impurities of a putrescible nature. 

The development of reduction processes is an outgrowth of the 
methods which have been used for many years in the recovery of sale- 
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able products from packing house wastes. There are several patented 
processes, each of which is more or less successful in accomplishing a 
means of disposal. The relative merits of the different methods are 
much discussed and are not entirely decided. Each process has its diS' 
tingiushing features, but all are somewhat similar in the essential part* 
of the treatment. The four plants in Ohio differ from one another iii 
the details of the methods used, but all have common characteristics, in 
tlieir main features. 

The Dayton plant is the simplest in its operation of any of the plants 
of Ohio. Here the so-called Edson process is used. All of the raw ma- 
terial, including the water contained, is placed in digesters and cooked 
with steam for several hours, a.fter which the material is transferred to 
driers. After drying, the tankage is percolated with naphtha, by means 
of which the grease is removed and from which it is subsequently re- 
covered. The only waste from the process consists of the taiHngs from 
the tankage screens. This material is of an unobjectionable nature and 
is disposed of without nuisance by dumping. 

T)ie Cleveland plant is a modification of tlie Edson process which 
was employed during the first few years of its operation. At this plant 
the raw garbage is* partly drained before its treatment. The liquor 
drained off is wasted. The material is then cooked as at Dayton, but 
before it is transferred to the driers the liquor contained, which also 
carries a large amount of the grease, is forced from the mass by steam • 
pressure and conducted into open tanks. Here the grease collects at the 
surface and is drawn off, the hquor remaining at the bottom being al- 
lowed to flow to waste. The tankage is conducted from the digesters to 
driers, and after drying, the grease is removed from it by percolation 
.vith naphtha. The tankage is then screened and is ready for ship- 
irient. 

The wastes from the Cleveland plant, aside from the tailings front 
the screens, consist of the liquors from the raw material and from the 
grease separating tanks. These wastes are permitted to run directly into 
a small stream near the plant and at times create an objectionable • 
nuisance. 

.^t the Cincinnati plant an improvement upon the old Detroit liquid- 
separating process is employed. Here the raw garbage is partially 
drained before treatment as at Cleveland. The liquor undergoes sedi- 
mentation before being wasted, and a small quantity of grease is re- 
covered by this means. The drained garbage is cooked in a manner 
common in reduction plants, and is then transferred to hydraulic presses 
and the greater portion of the liquor and grease contained is forced from 
the mass. The liquor containing the grease is conducted to open sepa- 
rating tanks, the grease being removed from the surface and the liquor 
being wasted into a sewer. The pressed tankage is dried, screened, and 
stored. Until recently the tankage has been shipped with no further" 
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treatment, but iluring ilie summer of 1910 there was added a plant for 
the recovery of grease from this tankage by percolation with naphtha. 
The wastes from the Cincinnati plant consist of the mixed hqnors 
from the raw garbage and from the presses and are discharged into the 
Ohio River. So great a dilution is afforded that no nuisance results. 

Tiie recently completed plant at Columbus employs essentially the 
same processes that are used at Cincinnati. The Columbus plant, how- 
ever, has been equipped with the most improved types of the various 
machines and in appearance differs greatly from the Cincinnati plant. 
At Columbus, moreover, no liquid waste is produced. At this plant the 
raw material is drained, the liquor being conducted to a well which also 
receives the liquor from the presses. The drained garbage is cooked, 
pressed by means of roller presses, and partially dried. At this point 
there is mixed with it a so-called "stick" which is the liquor from the 
grease separating tanks converted to a syrup by a triple-effect evaporator. 
The mixed tankage and "stick" is then completely dried, screened, and 
stored for shijiment. There is now being erected a percolation plant for 
the further treatment of the tankage. ■ 

It will be seen that the wastes from the Columbus plant are only die 
tailings from screens and are not of an objectionable nature. 

The reduclion process or an;- modification of it will produce odors. 
The odors produced are objectionable to some persons but are not more 
' so than those produced by various industries engaged in manufacturing 
processes similar to garbage reduction. Such plants are, however, con- 
sidered as legitimate and are not subject to the objection which is raised 
against a garliage plant. A\'ith proper design and cafeful operation, re- 
duction plants may be conducted without producing a serious nuisam-e. 
The private plants which have been built in this country and which are 
made the basis for objection to the jirocess, are as a rule built without 
regard for the prevention of odors an<l generally create a serious 
nuisance. The nio.it recent development in this country is shown in the 
plant at Columbus, and it is there demonstrated that the reduction pro- 
cess may be carne<l on without the production of very serious odors. 
When a liquid waste is produced and discharged into a stream, the plant 
may create a decided nuisance. With proper design, however, it is un- 
necessary to discharge an objectionable waste from the plant. 

Disposal by Burning. In Ohio the disposal of garbage by burning - 
has been confined almost entirely to cities ranging in population from 
20,000 to 8o,OQO. This niediod is used at Canton, Mansfield. Marion, 
Steubenville, Zanesville. East Liverpool, and Youngstowu, and was 
r^tudied in each of these cities excepting the last two mentioned. 

The burning or incineration of refuse as a means of disposal was 
developed. abroad. The principal work has been done in England and in 
Germany since 1875, and at the present time it is the accepted method 
in those countries. In the United States it has not as yet been universal- 
Iv adopted, and its success has been confined to the very l^rge and to 
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the rather small cities of the country. It is applicable in the very large 
cities only when the collection systems are suitable to provide for the 
burning of mixed refuse. 

Disposal by burning is applicable for nearly all classes of refuse, and 
■all cit}' wastes except ashes and street cleanings are suitably disposed 
of by this means. In small cities it is the custom to employ incineration 
for the disposal of garbage alone, the other classes of wastes being 
(Itimped or buried. This condition was found in each of the Ohio cities 
maintaining crematories. l"he practice is due largely to the condition of 
the collection systems as in the smaller cities garbage constitutes the only 
waste which is efficiently removed. Briefly, the incineration of garbage 
is practiced by placing the raw material in a suitably constmcted furnace 
or cell, which by the use of coal or other fuel is raised to i sufficiently 
high temperature to accomplish the destruction of the ga^-bage. Incin- 
eration is most successfully practiced where combined collection of 
wastes is provided or complete separate collection, all combustible wastes 
being deHvered at the plant. Where garbage alone is burned, large 
quantities of fuel and efficient attention by an operator are required in 
■order that high temperatures may be produced and objectionable odors 
avoided. In small cities, efficient attention is often lacking, and objec- 
tionable odors are created by the process and carried for long distances. 
Suitable location of the plant* will, however, avoid complaint. 

All of the garbage crematories in Ohio are patented typ^s having 
certain distinctive features in design which differentiate tjiem one from 
the other. They are common in one respect, however, in that the de- 
sign provides for the burning of garbage alone, and to this end each 
type is designed for the use o£ fuel. Under ideal conditions it is likely 
that any of the furnaces in the state will give satisfactory results in the 
destruction of garbage. The proper operation of the plants, however, 
involves considerable study and attention on the part of the operator, 
and where this is not given, the furnaces do not produce entirely satis- 
factory resntts. The principal objection to the garbage crematory for 
the small city consists in the nuisance catised by the production of of- 
fensive odors in the burning process. These odors are avoided only un- 
der theoretical or ideal conditions when a high temperature is constantly 
maintained, and the failure e\-en for a short period to maintain this 
temperature will immediately result in foul odors l>eing emitted from 
the stack. The extent to which these odors are objectionable depend 
upon the location of the plant, and if this has been properly selected at 
a sufficient distance from the built up portion of the community, no 
complaint is likely to be made. 

The incineration process is entirely satisfactory from a sanitary 
standpoint, and no liquid or putrescible solid waste is produced. Its 
limitations for the burning of garbage alone are owing to the high cost 
of the process, and on an economic basis it is less desirable for the city 
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of 100,000 population than a suitable reduction process. Where mixed 
collections are turned, the relative desirability of the incineration and 
reduction processes is not decided, and in some cases one and in some 
the other is most applicable. 

RUBBISH, ASHES, STREET AND CATCH BASIN CLEANINGS. 

In Ohio but one method of disposal of rubbish, ashes, and street and 
catch basin cleanings is practiced, namely, dumping on land. In those 
cities in which the collection departments are well organized the disposal 
of the materia! is systematic. In six of the cities of the state, which 
have no organized collection systems for rubbish and ashes, the dumping 
of the material is promiscuous and has led to unsatisfactory conditions. 
In Cincinnati, Cleveland, and Daytcwi, where municipal collections are 
made, all of the waste materials are dumped on low land within the cor- 
porate limits, which would otherwise be of no value. In this way it has 
been possible to create park lands, furnish means for continuing streets 
across deep depressions, and generally improve the appearance of the 
surroundings. Such land is, however, unfit for building purposes for 
a number of years after its making. 

In maintaining the dumps in the various cities, it was found to he 
the common practice to place the rubbish and light material near the 
bottom of the iill and to surface the dump to a depth of several feet with 
ashes, street cleanings, and cellar excavations. When maintained in 
this condition, the completed portions of the dumps present a neat anil 
finished appearance. 

The principal objections to rubbish dumps lie in the characteristic 
odors which they create, and in unsightly conditions in the vicinity caused 
by the transportation by wind of the waste paper, dust, etc. The odors 
from dumps are moreover often emphasized by the presence of fires 
within the material. The smoke nuisance attending this, as well as the 
serious odor produced, is very nnpleasant if not unhealthful for persons 
residing in the vicinity, and in a number of cases has brought forth seri- 
ous complaints. The appearance and condition of dumps are, however, 
largely dependent upon the experience and attention of the man in 
charge. By judicious placing of the material, it is possible even with a 
large percentage of loose rubbish to keep the dump well covered and 
prevent nuisance. 

The conditions in Ohio in the disposal of rubbish, ashes, and street 
and catch basin cleanings, by dumping, seem to indicate that some im- 
provement could be made in this practice. The dumping of a^shes, and 
street and catch basin cleanings is attended by no nuisance, and more- 
over produces a very satisfactorily filled ground. The presence of loose 
and combustible rubbish, often mixed with garbage, however, introduces 
means for the production of decided nuisances either resulting in fires 
or decomposition of the putrescible matter contained. From a sanitary 
standpoint as well as from an economic standpoint, it appears thatithc 
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rubbish should be collected and disposed of by other means than by 
dumping. 

MANURE AND NIGHT SOIL. 

These classes of wastes are in no instance in Ohio collected at 
municipal expense. The disposa.1 of manure is largely dependent upon 
its removal by farmers and is in no case organized. In the larger cities' 
of the state the disposal of night soil is under municipal supervision, and 
at Cleveland a municipal night soil department is maintained. In the 
smaller cities, however, its disposal is unsystematic, and the material is 
in most cases buried at some point outside the corporation limits selected 
by the contractor. Al Cincinnati the material is discharged into the 
sewers; at Cleveland until recently it has been dumped into Lake Erie, 
an employee of the the service department being delegated to select the 
time and location for dumping, in order to avoid the possibility of con- 
tamination of the water supply. At Columbus and at Dayton the ma- 
terial has in the past been disposed of by burial, but recent improvements 
at Columbus provide for its discharge into the intercepting sewer. At 
Marion, one of the smaller cities of the state, night soil has been disposed 
of for a number of years by cremation with the garbage. This prac- 
tice was very expensive and recently has been abandoned and the ma- 
terial disposed of by burial. 

DEAD ANIMALS. 

The disposal of the carcasses of animals has not been placed on an 
organized basis in most of the cities of the state. At Cincinnati the con- 
tract with the Cincinnati Reduction Company provides for the removal 
of all dead animals by that company, and this places the work on a sys- 
tematic basis and provides for its proper accomplishment. Where munci- 
palities have attempted to carry on the work to the exclusion of private 
enterprises, much trouble has been experienced owing to the competition 
created. At present the cities of Cleveland and Columbus have provided 
their garbage departments with suitable wagons for the removal of dead 
animals and are ready to care for this work. However, in each city 
privately owned rendering companies are engaged in the same work and 
attend to the removal of the greater number of the larger animals. In 
the smaller cities of the state, dead animals are removed by private col- 
lectors and are principally disposed of by rendering. In a few of the 
cities, the animals are delivered at the garbage crematory and burned. 

The collection and disposal of the smaller animals, dogs, cats, etc., 
is usually connected with the work of the garbage department where such 
is maintained. In the absence of this department, the collection of the 
smaller animals is generally neglected. 

COST DATA. 
The cost of the collection and disposal of city wastes is dependent 
upon a number of conditions. The completeness with which the work 
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is <]one and the working efficiency of the departments are perhaps tlie 
most important factors affecting the total cost of the work. h\ the re- 
moval of the various classes of waste, a condition of .great importance 
affecting the cost is the length of haul to the point of final disposal. The 
cost of disposal of wastes is entirely dependent upon the method em- 
ployed and the efficiency with wJiich it is carried on. 

In securing cost data from the city departments throughout the state 
difficulty was experienced in ohtaining complete and accurate costs pre- 
sented in proper form. It was possible, however, in the greater number 
of cases to secure department report.s and these were used as a basis for 
the figures presented. 

CARBAIiE. 

The costs of garbage collection were only incompletely obtaine<l 
owing to the difficidty of securing separate records of collection antl dis- 
posal. At Cleveland accurate records are kept giving the cost of each 
branch of the work. In table Xo. 18 are presented the costs for several 
years at Cleveland, Dayton, and /^anesville. It will be noted that the 
cost of collection at Cleveland has undergone a gradual increase brought 
about largely by increase in efficiency and completeness of collection. 

TABLE NO, 18. 
COST Of f;.\RIT.\r.l£ COLLECTION. 
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The cost of dis]»>sal is dependent upon the method employed and is 
affected largely by the efficiency obtained. At Cincinnati the cost of col- 
lection and disposal are combined and represented by the amount paid 
to the Cincinati Reduction Company. At Dayton the disposal cost to 
the city is nothing owing to the fact that a private company receives the 
material without a bonus. At Cleveland the operation of the reduction 
works returns a profit to the city. In table No. ig are presented rec- 
ords for a number of years, which indicate the profit at the Cleveland 
municipal reduction works. It will be seen that increased efficiency in 
the operation of the plant has resulted in a marked increase in the 
profits. , 
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In table \'o. 20 are given records of the cost of disposal of garbage 
by incineration in several cities in Ohio. The flnctuations which appear 
in this table are due largely to irregular methods of operation of the 
crematories. , It is important to note also that the costs at Marion and 
Steiibenville are reduced by revenues resulting from fees charged for 
burning certain classes of material. 

T.\BLE NO. -li). 
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Character of Refuse Destroyed. 

Canton — Garbage , 100%. 

Marion — Garbage, 72 %; night soil, 23,2%; dead animals, '..i'/'. 

Steubenville — Garbage. 90%; mixed refuse and dead animals. Hi'; 

Zanesville — Garbage. 75%; mixed refuse, 25%. 
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III table No. 21 are shown the combined costs of garbage collection 
and disposal in several cities of Ohio. At Cleveland the total net costs 
are represented by the difference between the costs of collection and the 
profits from disposal. At Cincinnati the costs are represented by the 
contract prices paid by the city. At Columbus the figures include the 
collection and disposal of the material by burial previous to the introduc- 
tion of the reduction works. At Dayton the figures include collection 
only, as the disposal of the material is without cost to the city. At 
Zanesville the costs of collection and disposal by burning are included. 

It is interesting to note the regular and marked decrease in cost at 
Cleveland and to compare the costs with those at Cincinnati where the 
city carries on the work through a contractor. The low costs at Cleve- 
land are entirely due to the efficient manner in which the reduction 
works are operated. 

TABLE NO. 21. 

i:OST OF GARBAGE COLLECTION AND DISPOSAL. 
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0.250 
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0.212 


2.687 


40,706 


0.231 




18,000 


0.167 










■4,450 


0.164 




5.6.i0 


0.201 


*.n 



RUPBISH AND ASHES. 

The co.st data for collection and disposal of rubbish and ashes are 
confined to records of three cities. The costs are almost entirely for 
collection, and the disposal cost includes only labor at dumps. In table 
No. 22 are given net and unit costs for three Ohio cities. The net costs 
take into account the revenues of the departments from sale of rubbish, 
filling of land, etc., the items of which are given in the, detailed portions 
of this report. It will be noted that the costs at Cincinnati and at Cleve- 
land compare very closely. The cost at Dayton is lower than in either 
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of the larger cities, tlie result no doubt of a much shorter average length 
of haul to the dumps. 

The costs at Cincinnati include labor, stable maintenance and re- 
pairs, but do not include new equipment and overhead expense. The 
figures for Cleveland include labor, team hire, and repairs, but do not 
include new equipment and overhead expense. 

TABLE NO. 22. 

COST OF RURBISH AND ASHES COLLECTION AND DISPOSAL. 
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.520 


909 


114,893 


.319 


.510 


1909 


36,000 


.23 


.47 

. ...J 



$1.21 
l.U 
1.30 



STREET CLEANING. 

The cost of street cleaning in the cities of Ohio varies considerably 
both as to the.amount expended per capita and the unit costs of the work. 
The amount expended is, of course, dependent upon the fund appro- 
priated for the purpose and the extent of the appropriation governs large- 
ly the development of improved methods of cleaning and also the ef- 
ficiency of the street cleaning departments. 

In table No. 23 are given total and unit costs of street cleaning in 
the three principal Ohio cities. It will be seen that the greatest expendi- 
ture is made at Cincinnati while at Cleveland the appropriations, as well 
as the costs on the basis of area cleaned, are lower. Both cities employ 
flushing to a great extent ; the Cleveland practice being to use the flush- 
ing machines alone, while at Cincinnati machine sweepers are used in 
connection with the flushers. 

The costs for Cincinnati include labor and maintenance expense but 
do not include new equipment or overhead expense. The costs at Cleve- 
land include labor, wagon and team hire, but do not include overhead 
expense. The costs at Columbus include labor, maintenance, and new 
equipment but do not include fixed charges. 
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TABLE XO. 23. 

COST OF STREET CLEANING. 



L'levciaiKl 

fiiK-iniiati 

1908 
I 1909 

Ci.himhvis I 1907 

1908 

1909 

, 1910 



(T i !iil91.301 ! »0.377 1 *0.478 I 



186.1-27 I 



ii 



In table No. 24 are given the costs of catch basin cleaning at Cin- 
cinnati and Cleveland. The costs at Cincinnati include labor and stable 
maintenance, but not new equipment and fixed charges. Those at Cleve- 
land include labor and wagon and team hire, but not new equipment and 
overhead expense. 

TABLE NO. 24, 

COST OF CATCH BASIN CLEANING. 



1908 I 

1909 I 
1908 1 



$0.91 
0.84 
0.81 
2.15 
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CLEVELAND. 



The city of Cleveland is situated on the shore of Lake Erie at the 
mouth of the Cuyahoga River. The area included within the corporate 
limits is about 40 square miles. The main portion of the city lies on a 
level plateau, the average elevation of which is about 80 feet above lake 
level. The country beyond this plateau rises in general slopes to eleva- 
tions of about 300 feet above the lake. The plateau is dissected by the 
deep valley of the Cuyahoga River, which passes through the city. 

The present population of Cleveland according to the 1910 Federal 
census is 560,663, and in the accompanying table it will be seen that the 
growth of the city has been very flourishing. The population per square 
mile is 14,000. This figure indicates greater congestion than exists in 
any other Ohio city, but as practically all sections within the corporation 
■ limits are built up thp most congested districts are not so thickly in- 
habited as those of Cincinnati, where a considerable portion of the area 
of the city is unoccupied by dwellings. 

CLEVELAND POPULATION GROWTH 1880-I9IO. 

Percentage 
Increase 
Year. Population. During Decade. 

1B80 160,146 T2.5 

1890 261,353 63.2 

1900 381,768 4fi . 1 

1910 : 560,663 46.9 

Cleveland is one of the most important ports of the Great Lakes 
and is also a great manufacturing city. Its principal industries are oil 
refineries, the manufacture of iron and steel, ship building, and meat 
packing. Owing to the nature of the manufacturing industries the city 
contains a very large percentage of foreign population. With this foreign 
laboring class is also associated a large colony of foreigners engaged in 
small commercial enterprises. 

The public water supply of Cleveland is taken from Lake Erie 
through an intake crib about four miles off shore. The supply is usually 
of good quality, but to insure its purity at all times there are at present 
being made plans for its sterilization before use. The sewerage is for 
the most part constructed on the combined plan and a great number of 
the outlets are discharged into the Cuyahoga River. 

The sewage formerly flowing through oudets into the lake has been 
diverted by a recently constructed intercepting sewer, which conveys the 
sewage several miles to the eastward. The streets are almost entirely 
paved and kept in good repair. At present there are about 350 miles of 
paved streets, which are constructed principally of vitrified brick. 

In the organization of departments for the collection and removal 



Uq,i,ze.b,'(^00'^lc 



63 SUPPLEMENT TO ANNUAL REPORT 

of waste material and for street cleaning the city has undergone marked 
advancement. Well equipped and efficiently managed departments now 
attend to the proper removal of garbage, dead animals, rubbish, ashes, 
street cleanings, and night soil. The general sanitary conditions of the 
city as a result of the efforts directed through the various municipal im- 
provements, have greatly improved during the past ten years, and this is 
no more strikingly illustrated than in t*:e reduction of the total death 
rate. The city is now one of the mos*. healthful of the slate and this 
must be ascribed to its great development in municipal improvements as 
well as to its favorable location. 

City wastes disposal and street cleaning are under the department 
of public service, the work being carried out by two sub- departments, 
namely, the garbage department, and the street cleaning department. 
The lattier department in addition to the regular work of street cleaning, 
also cares for the collection and disposal f>f rubbish and ashes. 



Past Experience. 

It was several years previous to 1897 that steps were first taken to 
effect an organization in the collection and disposal of the garbage of the 
city. At this time a contractor was engaged in the^work, making col- 
lections from all portions of the city and disposing of the material by 
conveying it on barges several miles from the shore and dumping it into 
the lake. This method of disposal was unsatisfactory, not only becanse 
of the littering of the shore with floating debris, but also on account of 
the excessive cost. During the pericxl previous to 1897, a portion of the 
garbage of the city was also disposed of by feeding. to swine on farms 
in the outlying districts maintained especially for the purpose. This 
method of disposal was also unsatisfactory, resulting in diseases among 
the animals, and was finally condemned by the local health authorities. 

In order to improve the collection and disposal of garbage, the city 
in 1897 awarded to the Buckeye Reduction Cnnipany a contract for the 
work for a period of five years. It was not until August, 1898, that a 
reduction plant wa< completed and ready for operation. During the 
year intervening the contract was sub-let to the N'ewburg Reduction 
Company, which company carried out the contract. The contract price 
was ^)»).400 per year, to be paid in equal monthly installments. Based 
on the average population for the five year period, the cost was equivalent 
to 18 cents ])cr capita, which is .somewhat in excess of the cost under 
municii>al ownership. 

Collection e<iuipment, consisting of wagons, stables, a loading sta- 
tion, and railroad cars were provided by the company, and a reduction 
plant built for the final disposal of the garbage. The reduction plant 
was IcH-ated at \^'illow, a small hamlet a few miles south of the city. In 
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1900 it was reiiiotleieil b;- the Detroit Sanitary Company,' and a process 
practicall)' the same as that known as the Chamberlain process instaJIed. 
L'i>on the expiration of the contract with the Bnckeye Reduction Com- 
pany in 1903. no new contract was made with the company, but it wa-* 
permitted to continue without formal renewal until January i, 1905, 
with the same, compensation provided for under the contract. During 
these two j-ears the equipment of the plant was allowed to become in 
a very poor state of repair. 

On January i, 1905. the entire equipment for the collection and dis- 
jwsal of garbage owned by the Buckeye and Newburg Reduction Com- 
panies was taken over by the city an<l has since been operated under 
municipal ownershij). Owing to tlie run down condition of the plant, 
\-ery extensive repairs were required during 1905 to place the plant in 
proper working order. There was also added an entire new plant, in- 
stalled by the Edson Reduction Machinery Company of Cleveland. This 
new plant had a capacity of 60 tons per day and was erected adjoining 
the old plant a* a cost of $64,820. After the installation of the new 
plant the old process was continued in use to handle a portion of the 
garbage. During the first year of operation it was found that the Ed- 
son plant was incapable of treating the quantity of material guaranteed 
by the manufacturer, and llie city demanded either an enlargement or a 
refimd of $20,500 of the contract price. The latter alternative wa.s 
chosen by the Edson C\>mpany. This refund money was then expended 
by the city in remodeling the plant along lines devised by J. B. Livingston 
of Bridgeport, Connecticut, and byE. S. I'eck, superintendent of the 
|)lant. 

The plant in its remodeled condition now cares for all of the gar- 
bage of the city, and the Chamberiain and Edson processes have been 
entirely abandoned. The ]>resent process is somewhat different from 
any in use elsewhere and will he taken up in detail later. 

The genera! methods of garbage collection have remained practical- 
ly the same as when first undertaken by-the Buckeye Reduction Com- 
pany. In 190", two years after the purchase of the equipment hv the 
city, extensive changes and improvements were made by the purchase of - 
entire new collection wagons of an improved type; also new steel garbage 
cars, both changes being in line with improvements in the methods of 
handling the garbage at the reduction works, made in connection with 
the remodeling of the plant. 

At the present time the garbage is collected from the various por- 
tions of the city in specially constructed dimip wagons, is delivered to a 
receiving or dinnping station where the material is transferred to dump- 
ing cars of a s]:ecial tyiie. and thence conveyed to the reduction works 
at Willow. 
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Present Methods. 

The director of public service is in general charge of the organiza- 
tion for the collection and disposal of garbage. Under him are em- 
ployed two superintendents, one having cha,rge of the collection and the 
other of the final disposal of the material. 

The superintendent of collection has general charge of the equip- 
ment and the work of the collection department, hiring all labor and at- 
tending to the principal purchases. Under him are employed an in- 
spector, a veterinarian, and about lOO men engaged in the work of coi+ 
lection and the maintenance of the stables. The total daily pay roll of 
the department is about $200. 

The superintendent of disposal is in immediate charge of the reduc- 
tion works, and hires all labor required. Under him are employed three 
foremen, one for each 8-hour shift, and about 50 labors and mechanics 
to attend to the operation of the reduction process. 

Character of Territory from Which Collection is Made. Garbage 
is collected from all portions within the city. The entire area is divided 
into 70 districts, which nuinber varies with the seasons of the year. The 
areas of the districts vary from about ^ square mite to one square mile, 
the larger ones being situated in the more sparsely built up districts. It 
is the aim to accurately limit the districts to permit of schedule work in 
collection in order that more systematic results may be obtained. The 
inspector of the department is, therefore, constantly engaged in revising 
the districts. The length of haul varies from one to five miles, and aver- 
ages for the entire city somewhat over 2.5 miles. In order to permit 
more elficient work in the outlying districts, empty wagons are sent out 
with helpers who return with the loaded ones and the work of the col- 
lectors is thus not interfered with. In the central business portion of 
the city, collections are made daily, although owing to the influence of a 
private rendering company, the large number of hotels and restaurants 
contribute but a small amount of garbage for city collection. In the 
residential districts it is the aim to make semi-weekly collections, and 
this is customary in all but the remote and scattered districts where 
weekly collections are made. 

Equipment for Collection. The collection equipment in general con- 
sists of the collection wagons, horses, receiving station stables, railroad 
cars, and miscellaneous minor equipment. The receiving station and 
stables are located in almost the geographic center of the city at the edge 
of the valley of the Cuyahoga River. The buildings are located upon a 
tract having an area of about 0.3 acre, which is conveniently situated for 
shipping, as it lies immediately adjacent to a railroad. Its location is, 
however, objectionable owing to the fact that if must be reached by steep 
down grades by wagons arriving from almost all portions of the city. 
and this results in a depreciation of the collection equipment. Most of 
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the buildings are the same as those used by the reduction company, al- 
though improvements, repairs, and a new ofifice building have been added 
by the city. The buildings are of frame construction and are in a rather 
dilapidated condition. A large wagon yard is provided for the storage' 
of the collection wagons, as well as for means of dumping into railroad- 
cars. The yard is located at an elevation of about 15 feet above the' 
railroa<i tracks, so that the cars may be drawn alongside and the material 
transferred from the wagon bodies by gravity. 

The stable is of wooden construction and is in a poor state of repair. 
There are now about 120 stalls, but to accommodate this number of 
horses there has been excessive crowding. The stabies are poorly ven- 
tilated, although every effort is made to keep them clean and sanitary. 
In connection with the stable is a small room 20 by 20 feet, where all 
collection wagons are washed daily. 

The new type of wagon adopted in 1907 is an innovation, especially 
adapted to facilitate rapid dumping of the garbage. The wagons are 
constructed with a strong running geaV holding a steel tank body having 
a length of 10 feet 10 inches at the top, 8 feet 5 inches at the bottom, a 
width of 4 feet, and a depth of 34 inches. The capacity when loaded 
level is 2^ cubic yards. The tank body is hinged over the rear axle and 
by means of a chain hoist the front may be elevated to an almost vertical - 
position. The tank is strengthened by arch steel ribs across the top whiclf 
also supports the heavy canvas covers. The cost of these wagons was- 
$185 each. The city now owns 100 wagons,. which are used exclusively 
for garbage collection. 

The cars used for the transportation of the garbage to the reduction'- 
plant, of which there are 10, are of a special type built by the Arthur" 
Koppel Company of Pittsburg, and by the Atlas Car and Manufacturing.' 
Company of Qeveland. They are constructed entirely of steel, consist-" 
ing of a semi-cylindrical body supported upon trunnions and roller bear-' 
ings on which the body may be revolved. When loaded level the cars- 
have a capacity of 53.7 cubic yards, equivalent to 35 tons of garbage, 
The cars cost $2,450 each, and have been maintained in excellent repair 
at a slight expense. 

For the collection of dead animals the department maintains two' 
horse ambulances and two small wagons for the collection of small ani- 
mals. The department also maintains two large trucks used for the col- 
lection of hotel garbage in cans. Horses and buggies are supplied for" 
the convenience of the superintendent and inspector. 

Method of Collection. In order to facilitate the collection of gar- 
bage, an ordinance was passed by the city council in 1897, at the time 
of the awarding of the contract to the Buckeye Reduction Company. 
This ordinance required the provision by householders of suitable water- 
tight covered receptacles for garbage and the placing of them within 25 
feet of the point reached by the collector on his route. This ordinance 
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has remained in force and is applied \vith municipal collection service. 
The enforcement has been found verj' difficult, especially among the 
poorer classes and in the foreig:n districts. It has been found necessary 
by the garbage department to permit the use of other receptacles such as 
boxes, buckets, etc., and these are quite general in certain sections of the 
city. WTiere it is believed that the householders can afford the pre- 
scribed receptacle this is usually insisted upon, and in the better resi- 
dential portions of the city receptacles of a suitable and approved type 
are used. 

The development of the system of garbage collection at Cleveland 
has resulted in almost exact schedules being followed by the various col- 
lectors. The complaints made to the department are very few, aver- 
aging about thirty per week, of which perhaps fifty per cent are not 
justifiable. 

The collection service in those districts located three or more miles 
from the receiving station is grea^tly assisted by the practice of relieving 
the collector of the necessity of stopping the work of collection to bring 
loaded wagons to the station. By sending out helpers with empty 
wagons no interruption in the collection work takes place. The helper 
returns with the loaded one while the collector resumes his work with 
the empty wagon. 

Final Disposal. The municipal reduction works, as already stated, 
are located at Willow, which is about two miles south of the southerly 
corporation limits of the-city and about nine miles from the garbage load- 
■ ing station. The plant is situated in the valley of the Cuyahoga River 
on a tract of land 50 acres in area owned by the city. There are but 
few houses in the immediate vicinity of the plant, the nearest being lo- 
cated about J4 ™1« distant. 

The plant comprises a number of buildings, part of which are old 
and contain the equipment installed by the reduction company, the new 
buildings housing all of the equipment installed by the city. The build- 
ings comprising the present plant are a green garbage building, where the 
material is unloaded from the cars; a main building, which contains the 
digesters and driers, and to which is connected a building containing the 
grease separating tanks ; a percolator building, containing the grease ex- 
traction and separating machinery and with which is connected a screen 
house ; and a power building which houses the boiler equipment and 
electric power plant. 

A brief review of the improvements made at the Cleveland plant 
since its first installation may be of value in connection with a description 
of the present process. The early plant of the Newburg Reduction Com- 
pany installed in 1898, was substantially a hquid separating process 
similar to that used at Cincinnati previous to the addition of an extrac-. 
tion plant. The buildings were of wooden construction cheaply made 
and. unsightly. The garbage arriving at the plant in tank wagon bodies 

L^.q.i.ze.b.'C^OO'^IC 



STATE .HOARD OF HEALTH. 67 

on flat cars was handled by an electric crane and first subjected to diges- 
tion, and after six hours treatment in this manner the free liquor within 
the mass containing a portion of the grease was forced out and con- 
ducted to settling tanks. The cooked garbage or tankage was then re- 
moved from the digesters and pressed in hydraulic presses at about 250 
pounds per square inch, by means of which all the free liquor was ex- 
pelled. This liquor containing a portion of the grease was conducted to 
the same setthng tanks before referred to. After passing through a 
series of settling tanks the grease was removed from the top, the waste 
water being drawn off from the bottom and wasted into the river. The 
tankage from the presses was dried, screened and stored for shipment. 
By this process the dry tankage recovered amounted to from 8 to 10 
jier cent, of the raw material, while the grease recovered was slightly 
over 2 per cent. 

The installation of the Edson process in 1905 following the purchase 
by the city provided a plant substantially the same in its operation as the 
present plant at Dayton. The buildings housing the machinery of the 
Edson process were of substantial construction and are still employed in 
the remodeled municipal plant. The garbage was delivered in tank 
wagon bodies as before and first subjected to treatment in digesters. 
These digesters instead of having steam admitted directly into the ma- 
terial were heated by a steam jacket enclosing the shell. After digestion 
the garbage was dropped directly. into steam jacketed driers without ex- 
posure to the air. These driers are in all respects similar to those used 
in Dayton, consisting of a cylinder through the center of whioh extends 
a shaft provided with stirring arms which agitate the material during 
drying. The vapors from drying were conducted to a condenser. The 
process of drying required 16 to 18 hours, and after its completion the 
tankage was removed to percolators by means of which the grease was 
extracted by naphtha. The tankage was then stored for shipment. 
After separation of. the grease from the naphtha the former >vas stored 
for shipment, the latter being used again. 

It will be seen that this process was a very costly one owing to Uic 
general use of steam jackets and mechanical stirring devices, the at- 
tendant use of power and the depreciation of the machinery. As has 
been stated, this plant failed to operate according to the guarantee of 
the company, and after one year's trial the city was refunded $20,500, 
which was used in remodeling the plant and thereafter the Edson pro- 
cess was discarded, although a portion of the machinery' is still used. 

The plant as remodeled by the city contains a number of novel and 
distinctive features. They were worked out largely through experience 
gained by the superintendent in the operation of the old processes and 
contained very marked improvements in design. 

, The old method of unloading the garbage from tank wagon bodies 
])\- a crane lias been abandoned, and tliere is now provided a green gar- 
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bage building where the garbage cars of special type as previously de- 
scribed are emptied. This building is a brick structure, lOO feet in length, 
32 feet in width and 30 feet in height. The cars enter the building on 
an elevated track about 12 feet above the floor level and are dumped 
by means of chain hoists. The bodies are rotated on the roller 
bearings and the garbage discharged to the concrete. A large 
amount of the free water contained in the garbage is drained 
off through suitable openings and at the present time is dis- 
charged directly into the river. This green garbage building is 
located a short distance from the main building, to the top 
story of which the garbage is carried by scraper conveyor, dis- 
charging through chutes into the digesters. There are sixteen new digest- 
ers in the remodeled plant, all the old ones having been removed. The 
digesters are each 54 inches in diameter by 14 feet deep, and are con- 
structed of -%-inch riveted steel plates, the interior being lined with 2-incli 
cypress lumber. The digesters are provided with a false bottom consi-t- 
ing of a perforated metal disc. On the side of the (Ugester just above the 
false bottom is a door for removing the tankage, while a coil of steam 
piping is placed immediately below the false bottom through which the 
steam for cooking is applied. Steam is admitted directly to the material 
for a period of six hours at a pressure of 70 to 80 pounds. After diges- 
tion is completed steam pressure is applied at -the top and the free liquor 
driven off through a connection at th^ bottom and conveyed to settHng 
tanks where the grease rises to the top and is skimmed off. The liquor 
from the bottom of the settling tanks is wasted' into the river. 

The tankage from the digesters is I'emoved in specially constructed 
cars, from which it is discharged into a conveyor leading to the driers. 
The Edson driers used in connection with the old process are now em- 
ployed to partially dry the tankage. Three driers are provided, each of 
which is of such capacity as to receive two digesters full at a charge. 
The material is dried during a period of somewhat over two hours with 
a steam pressure in the jacket of from 70 to 80 pounds, corresponding 
to about 320 degrees F. After discharge from the Edson driers the 
tankage contains about 40 per cent, moisture. 

From the Edson driers the material is conveyed to a final drier, 
which is the design of E. S. Peck, former superintendent of the works. 
This drier is 30 feet in length and 4 feet 6 inches in diameter, and is 
set at an angle slightly incHned irom the horizontal so that the material 
passes through it continuously by gravity. The drier is provided with 
a 2>i-inch steam jacket around the outside and a 12-inch steam drum 
extending tlirough its center. It is also provided with a 'hot blast, the 
air being heated by a system of steam coils, located at the tlischarge enfl 
of the drier and drawn by a fan located at the charging end. The cylind- 
rical body of the drier is revolved on roller bearings, the power being 
supplied by a motor. During drying steam is apphed in the jacket awl 



Uq,i,ze.b,'(^00'^IC 



STATE BOARD OF HEALTH. 69 

drain at 70 to 80 pounds pressure and the hot air blast is applied at a 
temperature of about 250 degrees F, By passage through this drier the 
moisture content of the tankage is reduced to about 5 per cent. 

After drying the material is conveyed to the percolator building 
situated a short distance from the main building. This building contains 
the percolator and two grease separators. Tlie percolator b of a special 
design, devised by E. S. Peck, former superintendent of the works. It 
consists of a steel cylinder 8 feet in diameter by 15 feet long, set horizon- 
tally and resting on bearings on which it may be revolved. An opening 
is provided at the top through which the charge of tankage is admitted. 
It is usual to fill the percolator two-thirds full of tankage. It is then 
flooded with naphtha introduced at the top, and after standing about 
one-half hour the naphtha is withdrawn and the percolator again 
flooded with fresh naphtha. This process is repeated until the color 
of the naphtha indicates that the grease has been almost completely, ' 
removed. After the last flooding of naphtha is withdrawn the perco- 
lator is turned over and steam at 10 to 15 pounds pressure passed 
through the tankage to remove traces of naphtha. The charge is 
then dropped to the floor from the percolator. The steaming adds 
about 10 per cent, of moisture to the tankage, but this is not objec- 
tionable The tankage is carried in a conveyor to a revolving screen and 
after screening is ready for shipment. The screen tailings are dumped 
near the plant. / 

The naphtha containing the grease is conducted to separating 
tanks, of which there are two. These ar^ horizontally placed cylinders 
12 feet long by 6 feet in diameter, and have a steam coil along the bot- 
tom. The naphtha is evaporated and the vapors condensed and stored 
for use again. The grease is withdrawn and stored for shipment. 

The production of tankage and grease is shown in tables Nos. 25 
and 26, which contain monthly quantities of raw garbage and products 
for 1908 and 1009. It will be seen that during 1908 the total products 
amounted to 12. 71 per cent, and during 1909 to 14.98 per cent, of the 
raw material. On the basis of the average moisture content the recovery 
should be greater, and the fact that it is not must be attributed to the 
waste of liquors from the green garbage and from the grease separating 
tanks, which liquors carry a large quantity of solid nmtter. The im- 
provements in operation during 1909 resulted in an increase in the recov- 
ery of both tankage and grease and the recovery of the latter represents 
■very high efficiency. 

It is of interest to note that the recovery of grease is at its maximum 
during the late winter and spring months and at its minimum during the 
late summer months. 
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TABLE XO. 25. 

RAW MATERIAL AND PRODUCTS FROM CLEVKLAND REDUCTION 
1908- 



Jamiary . . . 
FAruary .. 
Marc'h .:... 
April 

Juna 

July 

August 

September . 
October . . . 
November . 
December . 



C.614.!> 

6,274,8 
5,537.0 
5,535,8 
5,727,0 
6,66-1,2 
7,588,0 
8,241.2 
8,655.8 
7,764.0 



7.00 ■ 
6.71 1 
8.30 I 

10.05 1 
10.73 ! 
11.63 i 

7.01 ! 
9.2li i 
9.14 I 

11.05 ; 
11.68 i 



;,6«.853 3,855,640 1 



TABLE XO, 26. 

RAW MATERHL AND PRODUCTS FRO.M CLEVELAND REDUCTIO.N PL.VNT. 
' 1909. 



January ; 7,022,000 i 

February 5,97fi,0iiO [ 

March 6,401. ,•!(» | 

April -5,021,8. _ 

May 6.a>2,500 I 



June . 

J"iy 

August 

September .. 

October 

November .. 
December . . 

Total , 



7,915.700 ! 712,9 

7,901.400 ; 980.5 

8,824.000 I 989,0 

9,606,500 ! 868.9 

8.690,000 I 1,000,4 

8,073,500 I 1,038,9 

6,465,400 I 832,1 

89,150.300 I 10,052,8 





4 31 




4,24 


10.70 1 




12.44 ' 




12.54 1 


4,64 


9.01 1 




12.41 ! 


3.71 


11.21 i 




11.05 - 




11.55 ■ 


3.10 


12.87 ■ 




12.87 ' 


4.5-^ 


11.28 1 


3,70 
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Tile quality of the tankage produced is shown in table No. 27 which 
contains the results of monthly analyses of composite samples made by 
Dr. W. J. Gascoigne of BaUimore. Maryland, for the city of Cleveland. 
It will be seen that the percentage of grease remaining in the tankage 
is kept quite low, averaging 2.68 per cent, for the year, and tiiis indicates 
efficiency in the processes of its removal. It is also of interest to note 
the variation in the nitrogen and phosphoric acid contents. The analyses 
show minimum values for these constituents during the summer months, 
the maximum values occurring during the winter season. 



TABLE NO. 27.- 

.WALYSES OF GARHACE T.V 
Hy Dr. It'. J. Gaicjkjinr. Ballimoi 



January 

February 

^ril .'.'.'.'.'.'.V.'.'.'.'.'.'.'.'.'.V.'.'.'.'.'. I 10.72 

My :::::::;:;:;;::::::::::::: 

August 

September 

October . , . ; 

November 

December 



1 13.57 2.91 : 4.08 


.« 4.33 


13 


' 13.13 1 2.84 I 4.21 


.86 ': 1.49 




14,89 1 2.72 1 3.95 


.74 1 3.19 


Ir! 


15.28 1 2.65 i 3.53 


.59 1 1.55 


17 


15.41 1 2.08 1 3.49 


.83 ' 2.78 




7.93 1 3.03 1 4.15 


.62 ; 3.90 




10.80 1 3.27 ; 5.14 


,54 1 3.27 


i<r 


9.71 1 3.28 1 4.95 


.51 1 1.81 


14 


10,99 3.06 1 4.34 


.63 [ 2.68 

1 





The average analyses of three samples of tankage collected and 
analyzed during the studies herein described are as follow." : 

Per cent, moisture 15.92 

Per cent, ash 27.42 

Per cent, combustible 56.66 

Calorific value (B T U) * 55.)6 

Per cent, ether extract ...-. 1 . 22 

Per cent, phosphoric acid (Pn 0,) 3.68 

Per cent, nitrogen 2.8^ 

Per cent, potash (K:0) ".46 



It will be noted that these average results indicate a lower content 
of ether extract, PjO., nitrogen, and K.O than the, averages of the Gas- 
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gicone analyses given previously. This may be due to the use of differ- 
ent methods of determination. 

Quantity of Garbage Collected. The quantities of garbage collected 
are given in table No. 28 which contains monthly records for 1908 and 
1909 and unit quantities for the same period. In table No. 29 are also 
^ven tRe annual total and unit quantities from available records kept by 
Ihe department. An examination of table No. 28 will indicate the fluc- 
tuations which take place during the different seasons of the year in the 
quantity of materia! collected, showing that the maximum occurs during 
■the summer months and the minimum during the late winter and spring 
• seasons. It is also of interest to note in table No. 29 the gradual in- 
.crease in the per capita quantities during successive years. This result 
-is brought about largely by increased efficiency in the collection depart- 
ment. It should be remembered that the quantities of material available 
for city collection are limited by two principal factors, namely, the exist- 
-ence of a private collecting company which removes a large portion of 
the hotel, restaurant and apartment house garbage, and the presence of 
a large percentage of foreign population whicli are low producers of 
^rbage. 



TABLE NO. 28. 

QUANTITIILS OF G.VRBAGE COLLECTKD. 



January ] 5,585 

February | 4,833 

March 4,672 

April 4.440 

May 5,045 

June 5,640 

July 6,850 

August I 6.285 

Septemlier I 6,660 

October 5,910 

November 5,100 

December I 5,477 

Total I 6.">.fi97 

, __J .__. 



.0126 I 

.0119 

.0105 

.0109 

.0109 

.0127 

.0145 

.0157 

.0165 

.0147 

.0128 

.0137 



>• 


c 






u 




5,370 


3,511 


4,510 


2,988 


4.779 


3,200 


4,510 




4,726 


3,186 


5,420 


3.966 


5,745 


3.955 


6,713 


4.412 


6,7i;! 


4.803 


6,014 


4,:i48 




4.0.37 


5,8flii 


3.2.33 



41.334 1. 1257 1.1 



14.6 
14.6 

le.ft 
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TABLE NO. 29. 

UNIT QUANTITIES OF GARBAGE COLLECTED. 





Year. 


e2 

1 


i 


h 

121 

no 

IDfi 
144 
148 
157 
161 


1, 

If 


'...- 1 24,687 


78.9 












121.1 






1 44.fi00 


142.0 






1 





Character of Garbage. The physical and chemical character of the 
Cleveland garhage is discussed in a previous portion of this report in 
connection with a consid-eration of the garbage of the other Ohio cities. 
The Cleveland garbage does not differ noticeably from that of the other 
cities of the state, except in the fact that during the investigation herein 
described it wa^ of a generally cleaner and fresher appearance, the result 
no doubt of greater frequency oi collection. The composition of the 
garbage is shown in a tabulation of analyses in an appendix to this report. 
Its composition is quite similar to that of Cincinnati and Columbus, 

Cost Data. In table No. 30 are shown valuations made by appraisal 
on December 31, 1910- of the real estate and equipment of the garbage, 
department. On the basis of population in 1910 the costs and valuations 
are as follows : 

Original Costs Value igio 
per ifloo per 1,000 
Population Pofiulaliott 

Coilectioii equipment , $173. 16 JIOS .90 

Dispo-al equipment 414.48 293.38 

To^.^l • $587.66 (399.33 

TABLE NO. 30. 

VALUE OF COLLECTIOM AND DISPOSAL, 
LAND, PLANT AND EQUIPMENT. 

December 31, 1910. 

COLLECTION EQUIPMENT. 

Collection equipment $96,980.49 

Less depreciation 37,675.84 

■ $59,304.65 

Total $59, .304. 60 
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DISPOSAL EQUIPMENT, 

Land .-.. $25,000.00 

Buildings '. . . . J76.441.49 

Less depreciation 18, 189 .04 

— - - ., $58,252.45 

Machinery $130,666.30 

Less depreciation 49,624.69 

81,041.61 

. Total ^ $164 ,294 .0<! 

Total collection and disposal equipment $223,598.71 



In table No. 31 are exhibited itemized expenses for collection and 
transportation of |:aT-bagie to the reduction works during 1905, 1906, 1907, 
1909 and 1910. In table No. 32 are presented the itemized expenses at 
the disposal plant and in table No. 33 are given the extraordinary ex- 
penses of the garbage department. Table No. 34 shows the gross income 
of the department during those years. A summary of the income and 
expenditures is given in table No. 35. 

It will be noted that in none of the tables are interest charges in- 
cluded. On the basis of the figures given in the following taWes of cost, 
the unit costs have been computed- and are presented in iable No. 36. It 
is of interest to note that with increased cost of both collection and dis- 
posal on the tonnage basis the net cost of the entire work has shown 
an appreciable decrease due to improved processes used at the reduc- 
tion works. 



TABLE NO. 31. 

COST OF COLLECTION- AND SHIPPING OF (;.\RBA(;E AT CLEVELAN 



Labor, 

Feed 

Railroad freight 

Superintendence ;ind clerk hire 

Shoeing 

Harness repairs and renewals 

Repairs and renewals to freight cars, 

wagons , etc 

Rent, Canal Street (including taxes). . 

Insurance 

All other sundries 



1905 1 1906 


1907 


1909 


1910 


¥37,826 

9,168 

4,561 

1 '2.112 

1 1.9.73 

7R4 


$43,829 
10,991 
3,285 
2,870 
2.431 
1.204 


$54,100 
16,640 
5.824 
2,430 
3,132 
1,189 


$58,970 
16,111 
6.587 
3.700 
2,666 
1,301 


$72,:144 
16,241 

ft, 260 
2,043 
2,495 
2,086 


4.146 


5,109 
473 
450 

1,601 


5,571 


2,712 


-5.608 


450 
1 1.-345 


3.220 


655 

4,103 


879 
5.181 








1 
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TAKLE NO. :i-2. 
(IROSS COST 01" UISI'OSAL OF GARDACE AT CLEVELAND. 

Ilems, 1905 1906 1907 VM9 1910 



Labor ....- I$26.735 i$43,7 

Coal and gas ] 10,974 | 19,!) 

Superintendence and clerk hire i 3,895 | li.S 

Repairs and renewals I 7,111} 4,7 

Press cloth I 1 .390 2.,'i 

Press racks 



I 

Office supplies 

All other sundries 

Freight on product, purchase of dea 
animals , etc. 



314 2S8 

131 146 

1,921 I 5,113 



Cm 



Total :t.-.4.449 \i 



11,242 


7,30ti 










396 

3.559 

714 


199 
3,181 

124 
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TABLE XO. 33. 
' OF nn.r.ECTio.v . 

AT eLEVELAND. 



Items. 


190'. 


1906 


1907 


1909 1910 


Repairs and renewals on account of 


$3,082 
150 
250 

3.154 

2,860 






1 




$150 
1. 473 

3,918 

3,351 


$300 
697 

9.902 

4,799 






■ 1,440 1 $1,645 


Depreciation on disposal equipment, 












$9,496 


$8,892 


$15,698 









TABLE NO. 34. 

FROM DISPOSAL OF GARIIAGE AT CLEVELAND. 



I_ 



Sale of product ' $.^7.i35 i $90,351 i JIIC, 

Inventory of product [ 5,563 [ 8.694 1 11,979 

Sale of raw material | .559 1 354 i 

Rents ! 130 | 127 

Miscellaneous, Collection I 

department | 2,294! 1,465 1 



Total . 



$65,881 I 



$106,990 ■ SI29.231 
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TABLE NO. 3.J. 

MMARY OF INCOME AND EXPENSES FOR COLLECTION AND 
GARBAGE AT CLEVELAND. 



Total Expenses : 

Collection 

Disposal 

Extraordinary 

Total income 

Net operating expenses 



1905 

$62,804 
54,449 
9,496 


1906 

$74,3.3.( 
83.384 
8,892 


1907 

$92.6:12 
85,294 
15,698 


1909 

$96,811 
88,746 
26,459 


1910 

$113,137 

85,307 
28,194 


(126,749 
66,881 


$I6(i,610 • 
106,990 


$193,624 
129,231 


$212,016 
160.870 


$226,638 
190,652 


«60,868 


$59,620 


$63,393 


$51,146 


$35,986 



TABLE NO. 3C. 

UNIT COSTS OF COLLECTION AND DISPOS.VL DE G.\Rf!AGE AT CLEVELAND. 



1903 


1906 


1907 


1906 


1910 


Total cost of collection* 


! 

$65,989 ;$79,2;t3 

0.14 1 $.16 

2.17 1 2-27 

60.760 1 87,377 


$98,278 

0.20 

2.63 

95,346 

0.19 

2.54 

33,885 

0,067 

0.902 

61,393 

0.135 


tl07.020 

0.197 

2.40 

104,996 

0,193 

2.3.5 

55,874 

0.103 

1.25 

51,146 

0.094 

1.14 


$124,701 
222 
















2.00 
6,121 
0.011 
0.167 
60,868 


2,53 
19.613 
0,041 
0.562 
69,620 






8.5,715 








Net cost collection and disposalj 


36.986 










i 





•.Including extraordinary, expense, 
t Including gross income '— ~ ~~-' 
I Total cost less gross ini 



of disposal. 



DE.\D AXIMALS. 

The collection and dispo.'ial of dead animals constitute a portion of 
the duties of the garbage department. The city maintains for the purpose 
two large ambulances for collecting dead horses, cows, etc., and two 
expres.s wagons for the removal of small animals. The removal of large 
animals is also looked after by a privatelv operated rendering company, 
which pays the owners for the privilege of removing tlie carcasses. This 
company has succeeded in obtaining the majority of the dead horses and 
cows of the city. To compete with this company the city also pays for 
the carcasses collected. The aniiiials are carted directly to the reduction 
works and there handled in the same manner as the garbage. No record 
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is available showing the number o£ large animals thus collected by the 
city, but approximate figures fix the number at 50 per montti. 

The smaller animals, tlogs, cats, etc., are entirely collected by the 
garbage department, loaded on the garbage cars, and handled with the 
garbage at the reduction works. As an indication of the extent of this 
work the total number of small animals collected during 190S and 1909 
were 5,392 and 6,220, respectively. Cost data for this work is included 
in cost of garljage collection. 

RLMinrsn and ashes. 
Previous to 1906 ashes and rubbish wete collected entirely by private 
scavengers, unlicensed, and only in a general way under the supervision 
of the healeii department. The collections were infrequent and irregular 
an(f the city was incompletely covered by the routes of the several col- 
lectors. The material was disposed of by dumping into vacant lots, at 
the sides of roadways and wherever dumping could be carried on 
without causing immediate complaint. 

In July, 1906, the city imdertook the collection of ashes and rubbish 
primarily for the purpose of removing the nuisance attending the littering 
of the streets and alleys of the city, but also in order that systematic . 
dumping could be followed and some satisfactory results thus obtained. 
The present organization of the rubbish and ashes department places 
it under the street cleaning department, whose superintendent and assist- 
ant have charge of the work. Five inspectors are employed, whose duty 
it is to cover the city and inspect both street cleaning and rubbish and 
ashes collection. On the various dumps used laborers are employed to 
direct llie dumping of the materia! and maintain proper conditions. Each 
collection wagon is manned by a driver and helper, the total number of 
laborers employed in the department being about 1-50. The daily pay- 
roll of the department, including supervision, is about $375. 

Character of Territory from zvhich Collection is Made. The opera- 
tions of the rubbish and ashes collection department extend over tlie . 
entire city. The territory is divided into a number of districts laid out 
for the principal purpose of minimizing the length of haul to the dump- 
ing grounds. The districts are frcc|iiently changed at the discretion of 
the superintendent or inspectors of the department. The average length 
of liaul for the collection wagons in carrying the material from their 
respective districts to the dumping groun<ls is about ij4 miles, and the 
maximum haul for certain districts which are somewhat removed from 
available dumps is two miles The collection wagons make one or more 
trips per day and where the haul is short as many as four or five loads 
are collected. The average for all of the wagons is 25^ trips per day. 
The area of the collection district assigned to each wagon is such that 
weekly collection can be made in the greater portion of the city and 
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semi-weekly collection in the central portion. A few of the outlying dis- 
tricts receive somewhat less frequent attention. 

Equipment. Since the organization of the department in 1906 there 
lias been a constant development in the equipment provideil. The depart- 
ment now has some 90 collection wagons, but owns no horses or mules, 
these being hired with drivers by the day. The collection wagons are 
of the bottom dump type, have capacities of 3J4 to 4 yards, and cost 
$150 each. For convenience the equipment is maintained at the various 
street cleaning stations located throughout the city. 

Methods of Collection. Rules and regulations have been adopted 
by the department to facilitate the work of collection. These rules neces- 
sitate the provision of suitable receptacles, the exclusion of garbage, and 
the tying of all loose refuse into bundles. These rules have been difficult 
to enforce c<MTipIetely, but with the growing efficiency of the department 
the householders are becoming educated to tlie adwantage of the rules 
and their observance is increasing. 

In order to avoid the objection of dumping large quantities of waste 
paper with the material, as well as to realize its commercial value, the 
department conducts a separate waste paper collection, 20 wagons being 
used in this work. Gtmny sacks are provided to the householder and 
each week the waete paper collectors empty the sacks, returning the same 
sacks to the householder to avoid possible infection. The waste paper 
is taken to conveniently located baling stations. This separate collection 
of waste paper has done much to avoid dump nuisances as well as to 
afford an income to the department. 

During the first year of operation of the oallection department com- 
plaints from the householders were frequent, but owing to the few 
years of its development and the growing appreciation by the people 
the ^complaints have almost entirely disappeared. The collection work 
is now in a high state of efficiency. 

Disposal. All rubbish and a-shes collected are disposed of by dump- 
ing upon land The location of the dumps, of which there are about 25, 
A\as selected for the purpose of the recovery of land rather than on 
account of suitable surroimdings. The park department of tlie city has 
purchased several sites which the rubbish department is at present im- 
proving I)y filling, and when completed the city will establish public parks 
and plai grounds. Several deep fills are being made also for tlie purpose 
of carrying streets across deep ravines and thus avoid bridge construction. 

There are five principal dumping grounds, the remaining ones being 
small and unim]H)rtant. These lar^r dumps are known as the Lake 
Front Dump, the 55th Street Dump, the 79th Street Dump, the Case 
Avenue Dump, and tlie Walworth Sewer Dump, 

'file Lake Front Dump is one of the largest used and is situated at 
the shore of the lake opposite the central portion of the dty. The dump 
was first liegun by dumping directly into the lake, a breakwater being 
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constructed to prevent the washing away of the material. There have 
been recovered up to the present time about lOO acres of land. The 
principal filling material has been street cleanings and cellar excavations, 
and the land is therefore suitable for building. This location will proba- 
bly be selected as a site for a new Union Station, 

The 55th Street Dump is also located on the shore of the lake at 
die foot of 55th Street. The property being filled is privately owned by 
the Rockefeller Salt Company. Here a number of acres of land have 
already been reclaimed. The quality of material received is not so 
favorable for filling as the Lake Front Dump, consisting principally of 
rubbish, ashes and street cleanings, and containing a very much smaller 
percentage of cellar excavations. 

The 79th Street Dump, covering an area of 67 acres, is owned by 
tlte city. Here a street has been carried across a ravine which has a 
'iepth of 50 to 60 feet. A very large percentage of rubbish is received 
at this dump and some trouble has been experienced on account of burn- 
ing. The dump is surrounded by built-up districts. 

The Case Avenue Dump is located in a ravine occupied by Kings- 
l)ury Run in the east central portion of the city. The dump is 60 to 
70 feet high and the fill is for the purpose of carrying the several streets 
across the ravine. Owing to its great height this dump settles very rapidly 
and must be carefully watched. It has also given trouble from fires which 
are difficult to extinguish. The surrounding territory is built up with 
factories and residences of a poor class and its location is not objected to. 
The Walworth Sewer Dump, as its name implies, is located over the 
course of the Walworth intercepting sewer which passes through the 
southern portion of the city. The back fill of tlie sewer is being made 
with waste materia!,' and it is proposed idtimately to constmct a road 
w-hich will extend the length of tbe valley occupied by tlie sewer. The 
character of the material dumped is principally rubbish and ashes, and 
this may cause objections in the future if excavations are necessary to 
enter the sewer. 

On all of the dumps the method of dumping is the same. The ma- 
terial is dropped from the wagons at the edge of the slope and after 
partial picking is shoveled over the edge by hand. The cit}- maintains 
one or more laborers on each of the dumps to attend to this*work, and 
all of the dumps are thus maintained in good condition. In general the 
dumps have not been complained of seriously on account of otlors, al- 
though in the vicinil}' of some of the dumps, notably the 79th Street 
Dump, trouble has been experienced on acooimt of littering the streets 
and yards with light material transported by the wind. Special efforts 
liave been made to prevent fires at tlie dump and this has avoided con- 
siclenable complaint. 

In connection with the maintenance of the dumps the caretakers are 
expected to recover saleable portions of the material, 'consisting prin- 
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cipally of rags, metal and papers, and these a^e daily r^mcwed to the 
baling stations. 

Quantities of Rubbish and Ashes Cvlbcled. The quantities of rub- 
bish arid ashes collected as obtained frcmi local records are presented in 
tables Nos, 37 and 38, which show the monthly total and unit quantities 
and the annual total and unit quantities, respectively. It will be noted 
that while there is only a slight variation with the seasons, the minimum 
collection occurs during the summer months. The annual records show 
a large increase in the quantities collected during 1908 and 1909 over 
the collection of 1907, and this is without doubt due to increased efficiency 
of the department. 

TABLE NO. 37. 

QUANTITIES OF RUBBISH AND ASHES COLLECTED. 



13 



January 

February . , 
March 

jdy .■::■.:;: 

August . . . . 
September , 

October 

November . 
December . , 



15,872 
19,904 
18,220 
18,828 



8,300 
7,598 
7,851 
5,132 



5,767 
6,850 
7,157 



0498 


41.6 


mf>. 


25.2 


m^ 


M1 7 


ym-i 


29.0 


wm 


29.9 






\ym 


26.6 


0247 




\mv. 


19.3 


0364 


21.9 



r I 27.2 I 11,108 



9,670 1 .0427 

0,742 .0298 

9,7M I .043ft 

8,084 1 ,0367 

7.374 .0325 



5,364 
6,252 
7,063 I 



3-J.S 
24.8 
35,9 



Total ':200,6J6 1 83,673 .3831 1318.7 202,752 84,547 | ,3734 i 311.6 

[ I . I . I I ■ ' ' 

•Tonnage estimated at 834 pounds per cubic yard. 

TABLE NO. 3S. 

UNIT QUANTITIES RUBBISH AND ASHES COLLECTED, 

1907-1909, 



1907 . 

1908 . 

1909 . 







t 


t . 


tu 






^iS 


.2 


fl^: 






>" §■ 






_- 


s 


hU 


ia 












'•J 


107,084 


69,674 
83,673 
'84,547 


,3295 
.3821 
.37.34 


265 , 

319 

311.6 


.53:1 
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Character of Material. Observations of the appearance of the rub- 
bish and ashes at Cleveland do not indicate that it is greatly different 
from that of other cities. The mechanical analyses made in the field,. 
however, s1k>w that the percentage of paper is noticeably reduced by the: 
separate waste paper collection. In an appendix will be found a tabula- 
tion of these analyses as well as laboratory determinations upon the ash- 
content. The character of the material has been discussed in a previous- 
portion of this report. 

Cost Data. The cost of rubbish and ashes collecti<Mi for the years 
1907 to 1909 is presented in table No. 39 which contains the total cost 
and net cost after deducting the earnings from sale of rubbish. 



TABLE NO. 39. 

COST OF RUBBISH AND ASHES COLI.ECTED. 
1907-1909. 



(3,393 
16,807 
30,548 



In table No. 40 are presented unit costs on the basis of the net. 
operating expenses given in table No. 39. 

TABLE NO. W. 

UNIT COSTS OF RUBBISH AND ASHES COLLECTED. 

1907-1909. 



1907 »84,000 


.166 
.178 

.208 


.505 i.2r 











STREET CLEANINU. 



Municipal street cleaning at Oeveland has been carried on for a 
number of years. In the organization of the department there has been 
no marked change, although its development especially during the past- 
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five years has been very marked. The most important changes which 
have occurred recently Irave been in the methods of cleaning, and at the 
present time the machine sweeping method has been practically discarded, 
having been supplanted by flushing and hand cleaning. 

Present Methods. 

The street cleaning department is organized similarly to the rub- 
bish department, being in charge of the same superintendent and assist- 
ant superintendent. Five inspectors and ten foremen are employed to 
look after the details of the work. There are from 300 to 325 laborers 
^regularly employed in the department and at times this number is in- 
creased. 

The length of streets covered by the street cleaning department is 
in the neighborhood of 350 miles, giving an average of slightly over 
one mile to the man. This figure may explain ^he completeness with 
which street cleaning is carried on at Oeveland. The city is divided 
into districts and for convenience several stations are located in vari- 
ous portions of the city where the equipment is maintained and the 
foremen have offices. 

Equipmenl. The equipment of the street cleaning department con- 
sbts of one central and several auxiliary barns; some 30 flushing ma- 
chines; 24 machine sweepers (rarely used) ; 8 sprinkling carts, and some- 
130 white wing outfits. No wagons, horses or mules are owned by the 
department, all being hire<l with drivers. 

The flushing machines are of three types, known as the Sanitary, 
the St. Louis, and the Clei'eland. They differ in details of constmction, 
but modifications locally made have rendered them similar in their opera- 
tion. All flusihers are equipped with a noozle of special design, devised 
by the superintendent of tlie department. The sweeping machines, which 
are of the Austin and Ostler types, are seldom used, being employed 
only on streets in a very had state of repair. The sprinkling wagons 
are of the Studebaker t)'pe and are used on!}' during the very hot sum- 
mer months for sprinkling in the congested portions of the city. The 
white wing outfits consist of hand carts carrying galvanized iron cans, 
shovels; scrapers and brooms. The dirt wagons are of the bottom dump 
type, and have capacities of from 3 to 4 yards. 

Methods of Street Cleaning. During the past five years eiaensive 
changes have taken place in the method of street cleaning. The avail- 
ability of plenty of water and the presence of well paved streets have 
encouraged the development of flushing for street cleaning, and tliis has 
grown to be a widely used method. Hand cleaning is extensively used, 
especially in the busy section of the city. 

The flushing method has been studied by the superintendent of the 
department, and as a result of the observation it is customary to use two. 
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lour or six machines in a group. It has been found advisable to use 
as many machines working together as possible and fliat thiis the surface 
■of the street is more quickly and efficiently cleaned. With the machines 
working together two or three are used following one arKrther accordii^ 
to the width of the street. After the material which is washed into the 
gutters has drained sufficiently it is removed by pick-up gangs and loaded 
into a dirt wagon. 

The hand cleaning method is used on about 30 miles of the streets. 
T!ie areas assigned to each man employed are such that he is able to 
cover it three times daily and the street is thus maintained in a very 
clean ocmdition. The material is placed in cans at the curb and removed 
during the day by pick-up wagons. The cans are emptied directly into 
the wagon and this is usually accompanied by the spreading of dust on 
dry and windy days. 

In table No. 41 are given the areas cleaned by the various methods 
during 1907, 1908 and 1909. It will be not^d that the hand cleajning 
method has been used very much more extensively thaji any other. The 
large percentage of the total area cleaned by this method is due lai^ly 
to the frequency of cleaning where the white wing process is used. The 
street area cleaned by flushing is larger than that cleaned by white wings, 
although the less frequent cleaning by this method reduces the total area 
cleaned as represented in table No. 41, 



TABLE NO. 41. 

AREAS CLEANED BV VARIOUS METHODS. 

1907-1909, 
(In great squares — 10,000 sq. ft.) 





1907 1 1908 1909 




i 

1 




1 
1 


Percentage. 
Squares Cleaned, 
Percentage, 




66,595 

1.130 

331,597 

252 


- 16.7 
0,3 
82.9 
0.1 


75,093 

1,478 

328, SIO 


18.5 
0.4 
81.1 


54,475 

605 

318,800 




Machine sweeping 


0,1 


Machine scrapers ...... 














399,574 


100,0 


405,381 


100.0 


373.880 









Fifutl Disposal. All street cleanings are disposed of by dumping on 
land at the same pdnts used for the disposal of rubbish and ashes. The 
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material is usually employed for' surfacing and is satisfactory for tliis 
piu-pose wlien wetted sufficiently to avoid the creation of dust. The wliite 
wing cleanings are usually objectionable for this reason and their dump- 
ing is attended by the spreading of dust in the vicinity. 

Snozv Removal. "The removal of snow from the principal streets of 
the city is cared for by the street cleaning department and by additional 
labor employed as required. The material is all disposed of by dumping 
into the sewers or directly into the Cuyahoga River. 

Quantities of Street Cleanings Removed. In table No. 42 are given 
quantities of street cleanings removed inuring 1908 and 1909, It will be 
noted that the greatest activity in the department occurs during the 
spring months, due, no doubt, to enforced neglect of the streets during 
the winter months when the quantities removed are at their minimum. 
Fairly r^ular work is done during other portions of the year. 

TABLE NO. 42. 

QUANTITIES OF STREET CLEANINGS COLLECTED. 





190 

i 

6 

10,539 
1,232 
34,951 
22,169 
17,0G2 
18,088 
15,505 
15,8(15 
14,466 
18,315 
6,500 
3,490 


6'^ 

.0205 
.0023 
.0665 
.0422 
.0324 
.0344 
.0295 
.0302 
.0275 
.0348 
.0105 
,0067 


190 
> 

6 

5,544 
2.366 
13,584 
29,676 
15,648 

I7;i29 
15,876 
15,802 
14,973 
16,992 
7,133 


9 

H 

u 


Januar 






.0043 








.055«> 






June :: 


0246 








029'' 








0276 
















177,191 


.3375 


167,111 









In connection with a study of the quantities of street cleanings, it is 
of interest to note the amount of material removed per unit area cleaned. 
In table No, 43 this data is given for 1907, 1908 and 1909. 
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TABLE NO. 43. 

QUANTITIES OF STREET CLEANIKGS FEE GREAT SQUARE. 
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^s 






tc 


H<S 








o 






399,574 
405.381 
373,880 




1908 






1909 , 


167.111 


.447 



Cost Data. The total cost of street cleaning for 1907, 1908 and 1909 
is given in table No. 44. These costs include labor, maintenance, equip- 
ment and repairs, but do not include supervision expense or fixed 
<:harges. 

TABLE NO. 44. 

COST OF STREET CLEANING. 



^C 



^^1 
SHE 



1907 1 $191,301 I 50.377 

1908 : I 194,745 1 ,371 

1909 I 186,127 1 .343 



The cost of cleaning by the various methods as given in records 
of the street cleaning department arc given in table No. 45. These 

costs include no overhead expense. 



TABLE NO. 45. 

COST OF STREET CLEANING BY VARIOUS METHODS. 

Cost per Great Square Cleaned. 





1907 


1908 


loon 




$0.40 
0.41 
0.89 
0.17 

..« 


$0.38 
0.41 

0J5 
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I to 1904 catch basin cleaning was carried on under the 
supervision of the engineering department of the city, which has gen- 
eral charge of the sewerage system. Since that time, however, the work 
has been done by the street cleaning department, a separate corps of labor- 
ers being provided for the purpose. The organization of the department 
includes two inspectors and about 25 laborers, and the total daily pay roll 
is in the neighborhood of $60, including supervision. 

Previous to the inception of flushing as a method of street cleaning, 
the catch basins, of which there are about 18,000 in the city, were cleaned 
on an average once each year, but with the general use of flushers the 
necessity of cleaning has increased and most of the catch basins must 
be cleaned every eight or nine months. 

The equipment of the department for the purpose consists of special 
tools for cleaning. All teams and wagons for carting the material are 
hired. 

The material removed from catch basins as a rule is of no more 
otTensive nature than street cleanings, although it is objectionable when 
it contains putrefactive matter. It is disposed of entirely by dumping in 
the same manner as the street sweepings and creates no miisance at the 
dumps. 

Cost Data. The cost of caich basin cleaning is given in table 
No. 46. 

T.-^BLE NO, 41!. 

COST OF CATCH BASIN CLEANING. 



3 


Numb 

Clea 


$17,481 
16,285 
16,4!)2 


19,280 
19,286 
20,140 



NIGHT SOIL. 

The collection and disposal of night soil has until th? past few years 
been carried on by licensed contractors. The material was disposed of 
by dumping and burying, and in numerous instances its improper dis- 
posal gave rise to complaint. In order to improve condhions municipal 
collection and disposal of night soil was undertaken by the city a few 
years ago. With the inauguration of city collection, the work of private 
collectors was stopped by ordinance. 



L^.q.i.ze.b.'C^OO'^IC 



STATE HOARD OF HEALTH. 87 

The department for the collection of this waste is in charge of a 
superintendent and about 12 laborers are regularly employed. The daily 
pay roll is about $30. The equipment owned includes 4 wagons and 8 
horses. Each wagon is constructed to carry 20 watertight barrels, in 
which the material is removed. Tlie operation of the department is con- 
fined to night work, the hours of collection being between 10 P. M. and 
5 A. M, The property owners pay the city for the cleaning of vaults 
and removal of night soil at the rate of $1.50 per cubic yard. The 
qua>ntity of material collected amounts to about 6,000 cubic yamls per 
year. 

During the first years of municipal night soil collection the m;tterial 
was disposed of by barging and dumping it into I-ake Erie, hi 1910 
tills prat'tii:e was discontinued and the material is now dumped into the 
large intercepting sewers which carry it to the Cuyahoga River or Lake 
Erie. 
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CINCINNATI. 



Tiie city of Cincinnati is located in the southwestern corner of Ohio 
upon the Ohio River a short distance above its confluence with the Great 
- Miami. The area included within the corporation limits in 1910 was 43 
square miles. The topii^aphy in the central built up portion of the city 
is flat, but in the outlying districts where the principal residential sections 
are located the topography is very hilly, the elevation ranging from 100 
to 200 feet above that of the business portion. The effect of the topog^- 
raphy upon the removal of waste it will be seen introduces an impor- 
tant factor. The population in the city in 1910 was 363,591, and in 
the accSmpanying table it will be noted that a steady but gradual 
growth has taken place since 1880. 

Percentage 
Year. Population. Increase. 

1880 '. ,.,. 255.139 

1890 296,908 16.3 

1900 325, 902 9.7 

1010 303 ,591 11 .5 

The present population of the entire city represents an average of 
8,500 per square mile. 

Cincinnati is one of ,the great manufacturing centers of the middle 
west and contains a great variety of large and important industries. Its 
population is similar to that of other large cities but differs from certain 
of tlieni in the fact that the foreign population is almost entirely lacking, 
Cincinnati is known quite generally as a city of German inhabitants, and 
this is true to perhaps a greater extent than in any other city in the 
country. 

In municipal improvements the city has maile marked advancement. 
A public water supply of extraordinary quality has been secured by the 
installation of a mechanical filter plant by which the Ohio River water 
is purified. This plant was installed in 1908 and has been operated con- 
tinuou«ly since. The city is well supplied with sewerage and drainage 
facilities, although the proper disposal of the sewage has been given little 
attention. Mill Creek, a stream that passes through the city, receives 
a large amount of the sewage, and objectionable conditions prevail. The 
collection of rubbish, ashes, and garbage has been provided for a great 
number of years. The ^rbage collection is, however, not municipally 
conducteS, being left to a private company. The city maintains a very 
efficient and well organized street cleaning department which has been 
operated municipally since 1865. 

The collection and disposal of city wastes is carried on under the 
general supervision of the public service department. Under tl>is depart- 
ment the street cleaning department has charge of .street and catch basin 
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•cleaning and also the collectkm of rubbish and ashes. Garbage collection 
and disposal, while under the general supervision of the street cleaning 
department, is carried on by The Cincinnati Reduction Com^pany under a 
contract .with the municipality-. 



Previous to 1865 the collection and disposal of garbage was carried 
on by scavengers. In that year, however, in connection with the estab- 
lishment of a street cleaning department, the city inaugurated a combined 
system of collection for garbage, rubbish, and ashes. The materia! thus 
■collected was disposed of principally by dumping on land at convenient 
points in various portions of the city. During the early years a lar^e 
portion of the garbage was also removed by farmers and fed to swine. 
Some of the loads collected by the city and consisting principally of 
garbage were buried at the dumps. This precaution was taken to avoid 
nuisance, anil it also became the custom to use large quantities of dis- 
infectants at the dump. It was imi>ossibIe, however, to avoid the crea- 
tion of objectionable odors as putrefaction set in, and the dumps became 
nuisances in iheir vicinity. The nuisances were accentuated by the fact 
that it was impossible to prevent the dumps catching fire an<l the gases 
and smoke given off gave rise to serious complaints. 

In 1897 the city began a separate collection of garbage and mbbish- 
ashes. The separation of the waste was more complete in the central 
portion of the city and combined collection was carried on* for several 
years in the outskirts. At this time the disposal of tbe garbage was con- 
tracted for by the Keck Fertilizer Company. This company operated 
scows on the Ohio River, conveying tlie material from the city to a 
reduction plant located on the site of the present works of the Cincinnati 
Reduction Company. The garbage wa= picked over on its way to the 
plant and a considerable quantity dumped into the stream. This method 
■of collection and disposal was carried on for several years, but was not 
satisfactory. 

In 1902 the city awarded a contr.acf to the Cincinnati Reduction 
Company for tJie "collection, renxival and disposal of garbage, dead 
animals, and animal offal from dwellings, hotels, stock yards, slaughter 
houses, markets, streets, alleys, lands, lanes, squares and public places 
of the city." The contract provided payment to the company of $74700 
for the lirst year, and for an increa.sing scale of $2,000 per year there- 
after to provide for extension of the work with the growth of the city. 
T!ie Cincinnati Reduction Company provided the necessary collection 
equipment, loading station, cars, unc] reduction works for the proper 
handling of garbage. The amtract was written for a term of ten years 
and will expire in 1913. 
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Present Methods. 



The Cincinnati Reduction Company, while operated as a private 
oompany is, nevertheless, under the general inspection of the street 
cleaning department to u-hich its work must be satisfactory. The reduc- 
tion company has as its head a general manager, who is also secretary 
of the company, and he gives bis personal attention to the operation of 
both the collection and disposal departments. 

Character of the Territory from which Collections are Made. By the 
terms of its contract die Cincinnati Reduction Company makes collections 
of garbage from all sections \vithin the corporate limits of die city. The 
frequency of collection varies with the character of the district, but in 
no case is the collection less frequent than weekly. In the built-up busi- 
ness portion daily and even semi-daily collections are made. The reduc- 
tion company also collects all market wastes, slaughter house offal and 
dead animals within the city. 

The average lengtn of haul in conveying the garbage from the point 
of collection to the loading station averages somewhat over 2^4 miles. 
The maximum haul from the outlying districts is about six miles, while 
the minimum haul is about one-half mile.' The average haul for the 
material collected from the central portion of the city is two miles. 

Rules governing the collection of the garbage and applying particu- 
larly to its preparation by the householder have been issued by the city 
and the reduction company, but difficulty has been experienced in their' 
proper enforcement. The main trouble seems to lie in the tendency of 
the people to mix garbage ahd rubbish in preparing it for collection. 
This tendency has no doubt resulted from the previous mixed' collection. 

Egiiipment. The collection equipment of th*; Cincinnati Reduction 
Company consist of one horse and two horse wagpr.a provided with water- 
tight riveted steel tank bodies, provided with a steel cover and having a 
capacity of 2.12 cubic yards. The tanks are removable from the nimiing 
gear and it is by this means that the garbage is loaded on cars and trans- 
ported to the reduction works. A stable, office, and re-eiving and load- 
ing station are maintained liy the company in the west-central portion of 
(he city. All garbage is haided to this ]x>int and by mear.s of an electric 
crane the tank Ixxlies are'removed and placed upon- flat cars which at 
the end of each day are transported to tlie reduction plant, 

. Final Dispcml. The reduction works of the Cincinnati Reduction 
Company are located upon the north bank of the Ohio River about six 
miles west of the center of the tity and about six miles by rail from the 
loading station. The immediate 'iurroundings of'tlie plant are not oc- 
cupied by dwellings and the nearest houses are about 1,000 feet distant. 
These dwellings are scattered ami the nearest community is at .Ander- 
son's Ferry, }i mile west of the plant. In an easterly direction from the 
plant there are scattered dwellings along a main road following the 
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valley of the Ohio River to the city, the outskirts of which are about 
three miles from the plant. 

The reduction works occupy four buikhngs, namely, a main building, 
boiler houi^e, drier and storage room, and percolator building. The 
buildings are all^of brick construction but are old and in a dilapidated 
^.omlition and very poor state of repair. The immediate surroundings of 
the buildings are maintained in a very untidy condition and the plant as 
a whole presents an unkempt appearance. 

The process used in the handling of the garbage is known as the . 
Detroit Liquid Separating process and was first used at Detroit, Michi- 
gan. Recently the process has been modified by the addition of perco- 
lators for the recovery of grease from the tankage which was former- 
ly a final product of the process. 

The garbage and dead animals are delivered on fiat cars at the plant 
each evening and on the following morning the tank bodies are elevated 
by an electric traveling crane to the top story of the main building, where 
they are dumped on the receiving floor. The dead animals, which are 
delivered in a specially constructed car. are also handled by means of the 
crane and are placed upon a separate portion of the receiving floor. The 
receiving floor is provided with drains which carry off a portion of the. 
free water from the garbage, conducting it to open- settling tanks located 
outside- the building. The partially drained material is slioveled into 
digesters, of which there are two rows of nine each extending along each 
side of the receiving floor. The digesters are each 14 feet deep and 4 
feet 6 inches in diameter, and have a capacity of about five tons. The 
digesters are constructed of ^-inch riveted steel plates and provided 
with a flanged opening at the top through which the material is intro- 
duced. The garbage is sup]iorted on a perforated false bottom, below 
which steam is introduced. Each digester is filled about two-thirds full 
with garbage and steam -is apphed through a grid at the bottom under a 
pressure of 60 pounds for about six hours. The digesters provided for 
the rendering of dead animals are of the same construction as the garljage 
tanks, but 5 feet in diameter and 12 feet deep. 

.\fter digestion is completed the liquors are expelled irom the mass 
through the perforated false bottom by steam- pressure and conducted 
into separating tanks on the upper story of the building. The cooked 
garbage is then removed from the digester by hand and introduced into 
hydraulic presses in layers between gimny sacks and wooden griils, A 
pressure of 240 to 350 pounds per square inch is applied and all free 
water and grease is expelled from the mass. The liquor from the presses 
runs in open gutters to a collecting tank, from which it is pumped into 
the separating tanks on the upper story. The layers of pressed tankage 
or cheeses, as they are called, containing about 40 per cent, of moisture, 
afe carried by chain conveyor to a drier in an adjoining building where 
the material is thoroughly dried in two Anderson driers. The dry tank- 
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3gc is screened by means of revolving lO-mesh screens which receive the 
discharge from the driers. The tankage is then stored on the floor of the 
building. 

The liquors which are pumpe<l to the settling tank contain a rather 
large percentage of grease which h sejjarated medranically by settling. 
The tanks provided for this purpose are of wood, six in number, each 
i6 feet long, 5 feet wide and 4 feet 10 inches deep, placed side by side 
and connected at alternate ends. The tanks are uncovered and the greasy 
liquor which is often steaming, is pennitted to be in direct exposure to 
the air. The total length of passage of liquid through the tanks is there- 
fore 96 feet, and at the end of the system the grease is skimmed off at 
the top and the water is drawn off at the bottom. The water flows through 
a sewer into the settling tanks located outside the building which also 
receive the liquor drained from the raw garbage. The grease settles in 
these tanks and a small amount is recovered and returned to the digesters. 
The liquor flows directly into the Ohio River. The grease from the large 
settling tanks is stored in a large cylindrical covered steel tank outside the 
building from w^hich it is drawn ofi^ and shipped in tank cars. 

The process a.bove described eflfects a partial recovery of grease 
from the garbage but a large percentage is left in the tankage. 

The average of four analyses of composite samples, covering about 
six months storage of this tankage gave the following results : 



Percentage 

Percentage volatile and combustible matter 65.84 

Percentage ash 31.34 

Calorific value (B T U) 7091. 

Percentage ether extract - 10.08 

Percentage phosphoric acid (P= OO 5.01 

Percentage nitrogen (Kjeldah!) 2.94 

Percentage potash ., 0.17 

It will be noted that this tankage contains 10 per cent, c^f grease 
remaining after the process of separation by pressing. This is equivalent 
to over 50 per cent, of the original grease content of the raw material. 

Tn order to recover this valuable product an extractor plant has been 
recently added to the equipment of the redtiction works and the tank^e 
is now subjected to percolation with naphtha before it is shipped. I" 
this way practically all of the grease content of the garbage is recovered. 

The operation of the Cincinnati Reduction works causes very objec- 
tionable odors in the vicinity, and these odors are carried well toward the 
city by the prevailing westerly winds. An examination of the plant does 
not reveal the exact location of the sources of these odors, but they rise 
principally from the leaky condition "of the digesters and the fact that 
the material is almost entirely handled in the open air after digestion 
when it is In a hot and steaming condition. The discharge of a digester 
is accompanied by very marked odors, as is the use of the open grease 
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sepaiutiiig tanks. The driers are, moreover, not connected with a con- 
denser aJid the vapors are permitted to escape into the atmosphere directly- 
Quantity of Garbage CoUcctcd. Weekly reports are submitted to 
the department of public service by the Cincinnati Reduction Cwnpany, 
giving the total number of loads of garbage collected together with the 
actual weig'ht determined by weighing each load upon its arrival at the 
loading station. Using these reports as a basis, tables Nos. 47 and 48 
have been compile^!. It will be seen that a marked increase in the quan- 
tities collected occurs during the summer months. The total yearly quan- 
tity is also high, and this is due both to the completeness of the collec- 
tion from households and to the inclusion of market wastes in the quan- 
tities reported. 

T.\BLE NO. 4T. 

OU.\.VTITIES OF GARBAGE COrXECTED. 
1908-1909. 







1908 






1909 








U 

3916 
3013 

3029 
3456 
4929 
5631 
4997 
5285 

4174 
3487 
4032 


1 

2317.8 
1778.5 
1862.5 
2157.7 
3017.3 
3438.9 
3274.9 

3849;4 
2535-. 5 
2104.5 
2518.3 


6° 




Cu, Yds, 

Tons. 

Cu, Yds. per 

Capita. 

■Pounds per 
Capita, 


January 

February 


.0110 

.0085 
.0085 
.0097 
.0138 
.0158 
.0140 
.0148 
.0176 
.0118 
.0098 
,0113 


13,1 
10.0 
10,5 
12.1 
16,9 
19.3 
18.4 
19,0 
21.6 
14.3 
11.5 
14.3 


3013 
2913 
2890 
3808 
3748 
4817 
6441 
59M 
7019 
4658 
4198 
4450 


1844.1 .0084 
1808.3 .0081 

1769.0 ,0080 

2403.1 !.0106 


10.3 
10.1 


April 




May .::::::.::; 






3158.6 
4314,4 

4215.6 
4791.8 
28.-.2.7 
2622.4 
2609,6 


.0134 
.0179 
.0166 
.0196 
.0130 
.0117 
,0124 


17 6 






.\ugust 

September 

October 

Movember 

December 


23.4 
26.6 
15.9 
14.6 

14..T 


Total .... 


52218 


32,239.0 


,1466 


181,0 


53,919 


34,761,7 


,1500 


193,4 



TABLE NO, 41^, 

UNIT QUANTITIES OF GARBAGF,, I907-I9O9, 
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Cost Data. The first costs of installation of collection and disposal 
equipment of the Cincinnati Reduction Company were not made available 
and cannot be presented in this report. The operating costs and re- 
ceipts from sale of products were likewise withheld. 

The total cost to the municipality for the removal of garbage, mar- 
ket wastes and dead animals is represented by the contract price paid to 
the reduction company. In table No. 49 are presented the total and liet 
costs on this basis. ' 

TABLE NO. 49. 

TOTAL AND UNIT COSTS OF COLLECTION AND DISPOSAL OF GARBAGE AND 
DEAD ANIMALS. 



1907 
1908 

1909 



6_ 

to. 244 



(2.646 
2.7-24 
2.590 



DEAD ANIMALS. 

Previous to 1902, the carcasses of large animals were removed by 
private rendering companies, who competed in securing them, and paid 
nominal sums to the owners for their possession. The city removed the 
smaller animals, but did not engage to any extent in the removal of the 
larger ones.. In 1903 the contract awarded to the Cincinnati Reduction 
Company provided the exclusive right of that company to care for all 
dead animals within the city. The company now maintains collecting 
wagons for this work and daily removes from five to fifteen horses and 
cattle and a greater number of smaller animals. They are loaded upon 
cars with the garbage and handled at the reduction plant as has been 
described. It has been found impossible to secure data giving the num- 
ber of dead animals removed or the cost of collection. 



RUBBISH AND ASHES. 

Municipal collection of rubbish and ashes was begun in 1865, com- 
bined with the collection of garbage. In 1897, as has been described, 
separation of the wastes took place, but since that time no radical change 
lias been made in the collection of this class of material. The depart- 
ment has, however, developed to a great extent with the growth of the 
city and is now in a high state of efficiency. 
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The rubbish-ashes collection department is under the street cleaning 
department, being in charge of the street cleaning superintendent. Under 
him are two assistant superintendents and nine district superintenflenfs. 
All laborers in the department are appointed by the superintendent, and it 
is claimed that political tendencies are disregarded. The department as 
a whole is efficiently organized and the positions are filled by capable men, 
experienced in their particular line of work. 

Chara<:ler of Territory from which Collection is Made. Rubbish and 
ashes are collected from all sections within the city. There are nine 
collection districts, located to suit topographical conditions. The districts 
are irregular in shape and vary in population and area. Five of the 
districts are in purely residential sections, while four of them are of 
smaller area and cover the business and mixed sections. In all sections 
rubbish is collected at least once each week. In certain parts of the city, 
especially the more congested districts, collections are made two or three 
times each week. 

Equipment for Collection. The city owns all of the equipment used 
for rubbish and ashes collection. The wagons used are of a special type 
made to facilitate dumping of the materia! at the edge of steep slopes. 
To this end the body of the wagon is constmcted to tip backward over 
the rear axle and the contents are quickly dumped in this manner. The 
wagons used are one-horse and two-horse, having capacities of 2.4, J. 56 
and 4 cubic yards. The wagons are all made by the repair department 
of the street cleaning department and cost somewhat less than the 
special types which are sold by manufacturers. 

The department maintains seven stables located in various portions 
of the city. Two main stables are located in the central portion of the 
city and accommodate the principal equipment of the department, as well 
as that of the street cleaning department. The other stables are small, 
accommodating equipment required in the outlying districts of the city. 
It has been found advantageous to maintain these smaller stables to 
reduce the distance to be covered by the teams in reaching and leaving 
their districts. 

Methods of Collection. . Stringent rules have been passed by the 
city in regard to the duties of the householders in facilitating the col- 
lection of rubbish and ashes. These apply principally to the exclusion of 
garbage from the material, the provision of proper receptacles and plac- 
ing of them within easy distance for the collector. The enforcement of 
these rules lias been found very difficult and their observance is prin- 
cipally due to the education of the people with the growth and develop- 
ment of the collection system. Complaints against the department for 
neglect in collection are of rare occurrence and an almost exact schedule 
is followed out by the more experienced collectors. 
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Final Disposal. Since the establishment of the rubbish and ashes 
department the material has always been disposed of by dutilping oa 
land. The valley of Mill Creek near the central portion of the city has 
offered the most convenient means for disposal, and here the greater 
portion of the material collected is dumped. The department ha^s al- 
ready recovered in this way hundreds of acres of land which is used 
for lumber yards, railroad yards and buildings of light construction. The 
lowlands in the valley are rapidly filling and at the present time it is not 
thought that aivailable space will be had for more than fifteen years. 
The dumping grounds are all privately owned and in some cases the city- 
has received a fee for filling and improving the land. 

All the rubbish and ashes collected from the main central portion 
of the city a^re disposed of in the Mill Creek valley. The material collected 
in the residential portions of the highlands is, however, disposed of 'by 
dumping ait points in depression and gullies in the hills. These dumps 
are as a rule very much smaller than the dumps of Mill Creek valley 
and are more rapidly filled. The Mill Creek valley dumps are in a 
section of the city given over to manufacturing and railroad use, and 
the presence of the dumps, therefore, is not so objectionable as would 
otherwise be the case. Those in the highlands are, however, often located 
in close proximity to residential districts and are often the cause of con- 
siderable complaint due to odors which emanate from them, as well as 
general unsightliness caused by dust and rubbish blown about by the 
wind. 

All of the dumps a>re managed according to the same plan, namely, 
by carrying out the surface on a level, thus allowing a steep embank- 
ment over which the material may be dumped. With care the appearance 
of the dump may be made presentable, but this is entirely dependent 
upon the attention of the man in charge. Some of the dumps are level 
and clean at the surface, while others are littered with all sorts of rub- 
bish, which is likely to be scattered about the neighborhood. The city 
maintains one man on each of the larger dumps aind gives some attention 
to all of the dumps used. Picking of rubbish is permitted and is the 
common practice at each of the dumps. 

Aside from the unsightliness of the neighborhood due to- material 
scattered from the dumping grounds, the dimips have become extremely 
objectionable on account of fires which originate accidentally and which 
are very difficult to extingiii.sh. The odors thus created are perhaps the 
most serious causes for complaint. 

Quantity of Material Collected. In table No. 50 are given records 
of quantities of material collected monthly during 1908 and 1909, and in 
table No. 51 are given unit quantities collected yearly from H)07 to 
1909. It will be seen that the maximum collection occurs during the 
winter months of each year, when the production of household ashes 
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is highest. The tonnage given in the tables is calculated from data se- 
cured during the studies from which the weight per cubic yard was 
. estimated. The yearly records indicate a decrease in the quantity of 
rubbish and ashes collected during the succeeding years from 1907 to- 
1909. No explanation for this is made. 

TABLE NO. 50. 

QUANTITIES OF RUBBISH-ASHES COLLECTED. 
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TABLE NO. 51, 

UNIT QUANTITIES OF RUBBISH-ASHES. 
1907- 1909. 
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Character of Rubbish and Ashes. In the main portion of this report 
are given the results of the study of character of rubbish and ashes at ■ 
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Cincinnati. The material does not differ in appearance from that ob- 
served in the other cities of the atate, excepting during the winter season 
when the preponderance of household ashes is noted. The admixture of 
garbage in 'the material is more _ noticeable at Cincinnati than in other 
cities, and it is only with the greatest difficulty that this tendency is being 
overcome by the collection department. 

Cost Data. The total cost of collection of rubbish and ashes 
for 1907, 1908, and 1909, the earnii^s from filling and sale of rubbish, 
and the net costs are given in table No. 52. The total costs include 
actual expenditures for labor, stable maintenance and repairs, but do 
not include supervision, overhead expense or fixed charges. It will be 
noted that the unit costs given in table No. 53 are regular and indicate 
a constancy in the efficiency of the department. 

TABLE NO. 52. 

COST OF COLLECTION OF RUBBISH AND ASHES. 



$126,051.08 
121,338,25 
116,631.68 



62,350.15 



TABLE NO. 53. 

UNIT COST OF COLLECTION OF RUBBISH AND ASHES. 



I 



$12.'!, 701. 53 
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0.319 



0.525 
0.520 
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STREET CLEANING. 

Municipal street cleaning wa« begun at Cincinnati in 1865, at the 
same time collection of garbage and other wastes was inaugurated. 
Previous to that time the work was done by contractors paid'by the city. 
The department has since that time undergone an extensive development, 
but no radical changes in its organization or method of operation have 
taken place. 
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Present Methods. 
The street cleaning department is in charge of a superintendent, who 
also supervises the work of the rubbish and ashes department. The 
work of the two departments is carried on by the same assistant superin- 
tendents and clerical force, but a separate corps of laborers and foremen 
are anployed. All of the streets within the city are cleaned, the fre- 
quency varying with the character of the locality. The downtown busi- 
ness portion is cleaned each night, while the outlying residential por- 
tions are cleaned weekly during the greater portion of the year. 

Equipment. The equipment of the department for street cleaning 
includes 47 flushing machines, 5 sprinkling wagons, 14 machine brooms, 
70 white-wing outfits, dump wagons, and other miscellaneous tools for 
the work. The flushers are of the St. Louis and Sanitary type. This 
portion of the equipment is constantly being increased to make possible 
the extension of the flushing method, of cleaning. The machine brooms 
are principally old equipment of the department, but are iiiaintained in 
good working condition and used in connection with the flushers. The 
white-wing outfits consist of patrol carts, cans, shovels, scrapers and 
brooms. 

All of the street cleaning equipment, including horses and mules, is 
maintained at the same stables used for the rubbish and ashes collection 
equipment. At the main stable there is also kept a repair and manufac- 
turing department, where all dump wagons, harness, brooms, etc., are 
made and repaired. 

Methods of Street Cleaning. Previous to 1907 cleaning by machine 
sweepers was the principal method of street cleaning used at Cincinnati. 
Since that time, however, flushing and hand cleaning have developed into 
the most imi>ortant methods and the machine sweeping method has been 
practically abandoned.' The flusliing method used at Cincinnati is, how- 
ever, really a combination of the flushing and machine sweeping methods, 
as both flushers and machine sweepers are used. A crew for this method 
of cleaning consists of four flushers and three sweepers. The flushing 
machines apply water to the street, loosening the dirt, and are immedi- 
ately followed by the machine sweepers, which assist in carrying the mud 
and water into the gutters. 

The hand cleaning method is used to a greater extent than the flush- 
ing method, and the larger percentage of the total area is cleaned by this 
method. The material is swept or scraped from the surface by hand and 
placed in cans provided for this purpose. 

In table No. 54 are given the areas cleaned by the various methods 
'during 1907, 1908 and 1909. It will be seen that there has taken place 
a gradual increase in the percentage of the total area cleaned by flush- 
ing, and that barring a smalt amount in 1908 the machine sweeping 
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method has not been used. It is also of interest to note the decided i 
crease in the total areas cleaned during each succeeding year. 



TABLE NO, 54. 

AREAS CLEANED BY VARIOUS METHODS. 
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In table No. 55 are presented comparisons in areas cleaned and 
material removed for various years. It will be noted that with the de- 
velopment of the flushing and hand cleaning methods the quantity of 
material removed per great square has reduced. This is due principally 
to two reasons. Flushing tends to cause a large quantity of the finer ma- 
terial to enter the sewers with the water. Also the increased areas cleaned 
indicate more frequent cleaning, which would, of course, result in a 
smaller quantity of material removed per unit area. 



TABLE NO. 55. 

) CLEANED AND I 

1907-1909. 
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1908 . 

1909 , 



102,761 I 90,597 I 
270,916 I 148,867 ] 
321,5^3 '■ 129.359 ■ 
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Final Disposal. All the material removed from the streets is disposed 
-of by dumping at the various rubbish dumps located throu^out the city. 
The material owing to its nature is used principally for surfacing the 
dumps and in no case has it been found to create a nuisance. 

Show Removal. For snow removal no special equipment is main- 
tained by the city, but when required the entire street cleaning depart- 
memt is devoted to this work. The snow is removed from the main cen- 
tral portion of the city and disposed of by dumping into the main sewers 
discharging into the Ohio River and Mil! Creek. During 1909 33,800 
■cubic yards of snow were removed and disposed of at a cost of S9H cents 
per cubic yard. 

Quantities of Street Cleanings. In table No. 56 are given the 
monthly quantities of street and catch basin cleanings for 1907, 1908 and 
1909. The increased quantities collected during the months from March 
-to November indicate the period of greatest activity in street cleaning. 

TABLE NO. 56. 

QUANTITIES OF STREET AND CATCH BASIN CLEANINGS COLLECTED. 

Cubic Yards. 1907. 1908. 1909. 
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Cost Data. The cost of street cleaning for 1907, 1908 and 1909, 
together with unit costs of same are presented in table No. 57. The 
expenditures for street cleaning have beetn r^ulated by the appropria- 
tions granted for this purpose, and during recent years there has taken 
place a marked increase in the amount of money provided. This has 
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made possible more thorough work and the results indicate that a greater 
efficiency has been obtained. 

The total costs in table No. 57 include the labor expense and a pro- 
portionate amount of the expense for stable maintenance and repairs. 
They do not include overhead expense and fixed charges. It will be- 
seen that the improve<:l methods of street cleaning have accompli-ijied a. 
reduction in the cost per unit area. 

T.\BLE NO. 57. 

COST OK STEliET CLEANING. 
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C'ATi: 1£ li.^SlN CLEANING. 

The cleaning of catch l>asins was until 1908 carried 011 by the city 
engineering department, which dq>artment has general supervision over 
the sewerage of the city. In 1908 the work was transferred to the street 
cleaning department. This was <lone on account of the similarity of the 
work of street and catch basin cleaning, and was due largely also to the 
growth of the flushing method of street cleaning, which had the effect 
of increasing greatly the necessity of catch basin cleaning. 

The work is carried on by a corp of 35 lalx)rers in charge of a fore- 
man. Districts are laid out and tlie catch basins are r^^larly cleaned 
in each, particularly in those where flushing is frequent. Special tools 
and equipment, including tight dump wagons, are used. The extent of 
this work is indicated by the number of basins cleaned. In 1908 and 1909 
there were respectively 11,178 a^d 20,228 catch basins and inlets cleaned 
- by the department. The material removed is disposed of by dumping 
in the same manner as the street cleanings. It is of very similar charac- 
ter, consisting largely of siliceous matter and manure, and is no more 
objectionable tlian street sweepings. 

Cost Data. The cost of catch basin cleaning for 1908 and 1909 is 
given in table No. 58. This total cost includes labor and stable expense, 
but does not include overhead expense or fixed charges. 
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COST OF CATCH BASIN CLEANING. 



NIGHT SOIL. 

This class of municipal waste has always been collected and dis- 
posed of privately. The work is, however, nneler municipal supervision, - 
and the time during which it may be perfoniieii as well as the method 
of disposal are regulated. 

A number of contractors licensed by the city are engaged in the' 
work. City rules provide that the material be collected in watertight 
wagons between the hours of lo p. m. and 5 a. m. and disposed of by 
dumping into the sewers at points designated by city authorities. These 
points are generally at manholes in main sewers discharging into the Ohio 
River or Mill Creek. 

Night soil removal is satisfactorily accomplished by this means and- 
has given rise to no complaint. 
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COLUMBUS. 
The city of Columbus is located in the central portion of Ohio at 
the confluence of the Scioto and Olentangy rivers. The area within 
the corporation limits is 20.6 square miles. The topography within the 
city is generally flat and only the valleys of the streams present any 
marked difference in elevation. In connection with the topography it 
may be noted that in no portion of the city is the haul of collection 
wagons made difficult. The present population of the city is 181,511. 
Since 1880 the population growth has been very great as shown by the 
following table : 

Percentage 

Inc. During 

Year. Population. Last Decade. 

1880 51 ,647 

J890 88,150 71.6 

IflCH) 1-2,1, 5G0 42.4 

1910 181,511 44.6 

The present population of the entire city represents an average of 
8800 per square mile, and practically all portions within the corporation 
limits are built up. Owing to its favorable railroad and shipping facil- 
ities, Columbus is growing to be an important manufacturing center and 
as is the case in cities of this character, the population is made up quite 
largely of people of the middle class. The percentage of foreign popula- 
tion is low. 

In municipal improvements the city has been very progressive, and 
its development in this line has teen greater perhaps than that of any 
other city of its size in the country. A water supply which was previ- 
ously objectionable was converted into one of entirely satisfactory quality 
by the installation of purification works in 1908. Nuisances arising 
from the dischai^e of sewage into the Scioto River were eliminated by 
the construction of purification works which were placed in operation in 
the fail of 1908. The most recent municipal improvement and the one 
of perhaps greatest interest is the improved system of garbage collection 
and disposal installed by the city in 1910. The city maintains a street 
cleaning department and at present is contemplating municipal collection 
and disposel of other classes of waste consisting of rubbish, ashes, and 
manure. When this important step has been accomplished, the collec- 
tion and disposal of city wastes of Columbus should compare favorably 
with the development in some of the larger cities of the country, and the 
general sanitation should be greatly improved. 

The collection and disposal of city wastes and the cleaning of streets 
are under the general supervision of the department of public service, 
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and the work which is at present carried on is placed under two depart- 
ments, namely, the garbage department and the street cleaning depart- 
ment. The collection of rubbish and ashes, should such be inaugurated 
by the city, will be placed under the supervision of the garbage depart- 

' GARBAGE. 

Previous to 1896 there was no organization in the collection and 
disposal of the garbage of the city. Independent licensed scavengers and 
to a large extent farmers from the surrounding country were engaged in 
this vifork, and tlie cost of removal was entirety upon the householder. 
Certain portions of the city, particularly the business portion, received 
satisfactory service, but the larger part of the city was neglected and as 
a result unsatisfactory conditions prevailed. The waste material re- 
moved by the fanners was disposed of by feeding to hogs, and that col- 
lected by scavengers was disposed of largely by dumping at the outskirts , 
of the city. This created nuisances in the vicinity of the dumping places 
and caused much complaint from nearby residents. 

In 1896 the city entered into a contract with the Columbus Sanitary 
Works Company for the collection and disposal of garbage and dead 
animals. This contract was in force ten years, expiring in April, 1906, 
The company collected the material in steel tank wagon bodies which 
were loaded upon flat cars at a station in the central portion of the city 
and Shipped by rail to Bannon, a station on the T. & O. C. Railroad im- 
mediately west of Alum Creek and about four and one-half miles south- 
east of the State Capitol. Dead animals were hauled directly to the 
plant in large wagons built for the purpose. At Bannon the company 
operated a reduction plant where the garbage and dead animals were 
handled and saleable products recovered and sold. 

By the terms of its contract the company received a flat rate of $15,- 
800 per year. No increase in this rate was provided to allow for the 
natural increase in the quantity of materia] to be collected resulting from 
the growth of the city. During the early years of the contract the price 
paid to the company was satisfactory to both parties and the contractor 
was enabled to give efficient collection service. With the growth of the 
population, however, the contractor could not without serious financial 
loss remove completely the garbage produced in the city, and conse- 
quently the work was very inefficiently performed. During the later 
years of the contract the incompleteness of the collection by the com- 
pany encouraged farmers to again collect garbage from available sources 
within the city, and this was permitted as it offered a partial means of 
relieving the company. 

In the early portion of 1906, before the expiration of the contract 
with the .Sanitary Works company, John H. Gregory, who was then 
principal assistant engineer of the city engineering department, siib-. 
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mitted a report of a study of the waste disposal problem of the city to 
determine the logical method of procedure to be adopted. The summarj' 
of his report embodied the following suggestions : 

"That the present practice of collectitig and Jispositig of street sweepings by 
dumping on low land be continued. 

That a municipal service for the collection and disposal of domestic ashes be 
postponed. 

That the garbage, rubbish and dead animals be collected by the city bj its 
own employees, and that sufficient equipment and stable accommodations for the 
purpose be provided. 

That the city construct and operate a crematory and that the garbage, rubbish 
and dead animals be cremated therein. 

That a municipal service for the collection and removal of stable manure is 
not dcsirabie or warranted. 

That night soii should not be collected, but should be disposed of at the city's 

Following this report there was considerable controversy as lo 
whether the city should install a crematory or a reduction plant for the 
final disposal of garbage, and it was therefore decided to delay the im- 
provements until the relative merits of the two systems coitid be demon- 
strated. 

At the expiration of the contract of the Sanitary Works company in 
April, 1906, the city took over the collection equipment of that com- 
pany and inaugurated municipal collection. To provide for temporary 
means- of disposal, a tract of land southwest of the city was purchased 
and used as a burial ground. The property known as the English farm 
had an area of about 77 acres covering low land immediately west of 
the Scioto River and about two arid one-half miles from the central por- 
tion of the city. It will be seen that tlie length of haid was excessive, 
the 'average being between three and four miles. This method of dis- 
posal was practiced until Jidy, 1910, when the municipal reduction plant 
was placed in operation. Except during the year 1908, when the city 
board of healtii took charge of the work of the garbage department, it 
has been under the general supervision of the department of public 
service. 

In burying the garbage, trenches were ilug from one to two feet 
deep, aljout seven feet wide, and of indefinite length; the garbage placed 
at a depth of aNiut two feet and covered with earth removed from the . 
adjacent trench, l^.y this means it will be seen that the material wiis 
covered by a layer of earth varying from one to two feet in thickness, 
depending upon the depth of the ailjacent trench. The garbage was 
usually covered a few hours after <lnmp:ng anil was never left cxjw.seil 
to the air for a period greater than twenty-four hours. No objection- 
able odors were caused by this method of disposal and no complaint 
was rcf^istered against it. .\fter burying, the garbage slnwly uncfer- 
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giics imlrefactiuii anil tina]ly occupies a layer one-fifth to one-tlijrtl its 
original thickness. In the spring of 1909 several holes were dug to 
uncover garbage which had been buried for different periods with a view 
to discovering to what extent putrefaction had been completed. The fol- 
lowing was a result of the observations: 

Time Buried. Condition, 

6 to 9 months In very liii^li state of jiutre faction. Objectionable odor. Con- 
it it iil' 11 ts readily distinfjiiishable. 

17 ■' In somewhat less stale of putref action ; still readily dis- 

_ tinunishalilc. 

20 " Still (I etom posing and of foul odor. Character more or !ess 

distinguishable, 

30 " Material inocuous, resembling humus matter and having a 

sligl;t musty odc'r; very faintly distinguishable. 

ll will be seen from these observations that the garbage \v;i> not 
rendered entirely stable until two and one-half years after its tmrial, 
but at this time it was found to be in such condition that the land was 
again ready to be used for burial. 

White iMirial was being employed as a temporary means of dis- 
posal, the question of the method of final disposal to be adopted by 
the city was argue;! by adherents oi both reduction and cremation. It 
was finally decided that the reduction metliod be adopted and that a 
plant be constructed according to plans to be draiwn by an engineer 
engaged by the city for that pnrixjse. In connection with the building 
of the reduction plant, which was completed in 1910, improvements were 
also made in the collertion .system and an entire new equipment con 
sisting of wagons, teams, stables, loading station, and cars for trans- 
portation to the rediictii>n plant, was added. The reorganized collection 
system and the reduction plant were placed in service in July 1910 
and liave given satisfactory service since that time. 

Present Methods. 

Onjoiiization. The collection and disposal of garbage are under the 
general supervision of the director of public service and under him are 
■ two superintendents, one having charge of the collection and the other 
having charge of the final dispo.sal. 

The duties of the superhitendent of the collection department arc 
lo have general charge of the collection work, the laying out of dis- 
tricts, investigation of complaints, and all other questions which arise, 
and to oversee the care and work of the loading station, stable^ and 
equipment. Under him the details of the work are cared for by a stable 
foreman and an inspector, who have immediate charge of the men em- 
ployed in the department. The laborers and drivers are appointed at 
the discretion of the stiperintendent and their positions are not af- 
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, fected by their politica] tendencies. Aside from the superintendent, 28 
■men are employed, ami the total daily pay roll of the collection depart- 
■ment is $64, 

The superintendent of garbage (Hsix>sal is in full charge of the 
operation of the reduction' plant. The present incumbemt is a mechanical 
engineer and an expert in the design and operation of reduction works, 
and previous to taking up his present duties was engaged as engineer 
of design and construction of the Columhiis plant. The details of the 
work at the plant are in the immediate cliarge of an assistant super- 
intendent and master mechanic, who un<ler the direction of the super- 
intendent are rapidly becoming proficient. Aside from the superintendent 
there are 16 men employed at the plant, and the daily pay roll amounts 
to $40. The same conditions of eniploj'ment govern the selection of 
men at the reduction plant as in the collection department, and political 
tendencies are not regarded. 

Character of Territory from Which Collections are Made. Gar- 
bage is collected from all of the territory lying within the corporation 
limits of the city, but from no points outside. The total area of this 
territory as has been stated, is 20.O square miles. The collection dis- 
tricts are boimded by indefinite limits and are frequently changed by 
the superintendent to meet the varying conditions occurring during- 
different portions of the year. Due to a material reduction in the length 
of haul, it lias been found possible to decrease tlie number of collection 
districts by adding to the area to be covered by each wagon, and there 
are now only 17 districts, each served by one wagon, instead of 22 to 
25 which existed when the garbage was disposed of by burial upon the 
English fann. The garbage collected is almost entirely of residential 
origin, and up to the present time only a small quantity has been col- 
lected from hotels and large restaurants. This class of garbage is 
removed to a large extent by a rendering company engaged in soap 
manufacture, but will no doubt be care<i for by the city as soon as the 
city will also agree to remove rubbish and ashes witliout expense to the 
hotels. The frequency of collection varies somewhat in different por- 
tions of the city. In the central business portions collections are made 
daily throughout the year, and in the residential sections it is aimed to 
make collections weekly. This is accomplished in all but the remote 
and thinly populated districts in the outskirts where somewhat less 
frecjuency of collection obtains. The average length of haul under 
present conditions cannot be stated with any degree of accuracy and 
only a rough approximation can be given. The maximum haul is about 
four miles and the minimum haul is not over one-half mile. The larger 
portion of the garlrage must be hauled at least one and three-fourths 
miles, and on the basis of these figures the average length of haul is 
in the neighborhood of two miles. 

Equipment for Collection. The equipment of the collection depart- 
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nient is entirely new, having been placed in service but recently. Thirty- 
four wagons are owned by the city, and as but 15 to 20 of these are 
regularly used, the wagon equipment is practically in duplicate. The 
wagons are each drawn by a team of two horses, and on the whole this 
method has been found more satisfactory than the use of a single 
animal. The wagons are patterned after those used in Cleveland and 
are of very similar construction. The body of the wagon is a steel tank, 
4 feet in width, 21 inches deep, 10 feet to inches in length at the top 
and 8 feet 5 inches in length at the bottom. The capacity when loaded 
level is about 2.5 cubic yards. The wagon body is covered by oiled can- 
vas supported on an arched steel frame. The first cost of the wagons- 
was $203 eacli. 

The type of wagon used at Columbus has been found satisfactory 
both there and at Cleveland for several reasons, the principal ones of 
which are the facility of dumping and the avoidance of noise caused 
by steel covers, so common in the usual type of collection wagon. 

In addition to the garbage collection wagons, the department owns 
and operates a one horse ambulance and two wagons for the removal of 
smaller animals. 

The collection department at present owns 50 horses, the greater 
number of which are used in garbage collection. The horses were pur- 
chased in the open market with funds saved by the superintendent from' 
those appropriated for collection, and cost on an average $208 each. 

In order to facilitate the work of the superintendent and inspector, 
they are provided with conveyances. The superintendent uses a motor 
cycle by means of which he can cover a large territory in a short time, 
and the inspector is furnished with a horse and buggy. 

The city stable for the garbage collection department is located in 
the southwest-central portion of the city about three- fourths of a mile- 
from the central portion of the city. It was built in 1910 and its total 
cost was $40,000. It is located on a tract of land owned by the city with 
an area of six acres, which is also occupied by the receiving station.. 
The stable is of brick, concrete and steel construction and is fireproof 
on its lower floor. The building is 200 feet in length, 60 feet in width, 
and has an ultimate capacity of 108 stalls, 70 of which have been already 
built. The stalls are all located on the lower floor. The upper floor is 
provided for storage of feed and also contains the office of the super- 
intendent as well as a properly designed toilet room for the convenience 
of the men. This room also includes shower baths, a feature which is 
uncommon in such installations. At present the collection wagons are 
stored in the yard near the stable. It is planned, however, to construct 
a wagon shed in order that the wagons may be protected from the 
weather when not in use. 

The receiving station, where the garbage is transferred from the 
collection wagons to cars for shipment to the reducfion plant, is located 
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on the ianie lot with the stable. The building Js of concrete and brick 
construction and is arranged with two floors, the upper one of which is 
reached by means of an inclined roadway. Here the wagons are driven 
and by means of a hand operated chain hoist the wagon body is tilted 
and the garbage dumped into, cars which are drawn into the building 
on a siding at grade level. The lower floor of the building is occupied 
by two rooms, one of wiiich was designed as a blacksmith and repair 
shop, the otlier as a place for the washing of the wagons. 

In dumping the wagons they are backed against a curbing and easily 
elevated by means of a hoist, and the material is quickly and completely 
transferred to the car below. The design is such that the load falls 
in the middle of the car, and therefore a minimum amount of labor in 
leveling the garbage in the car is required. 

The freight cars for the transportation of the garbage are pat- 
terned after those used at Cleveland and are of practically the same 
construction. Four cars are owned by the city, and under present con- 
ditions provide ample capacity as two may be at the receiving station and 
two at the reduction plant at all times. The car is built entirely of steel 
and consists of a large semi-circular tank mounted on rollers and trun- 
nions. The car is dumped by revolving in either direction on the longi- 
tudinal axis, suitable rolling bearings being provided for the purpose. 
The capacity of each car is 40 tons, and they are of such size as to ac- 
commodate 54 cubic yards. The cost of the cars was $1890 each, which 
compares favorably with the price paid at Cleveland, of $2450 each. 

Method of Collection. In order to facilitate the work of collection, 
rules and regulations have been adopted by the collection department. 
These relate principally to the provision of proper receptacles and the 
exclusion of rubbish from the material. The rules have been found 
very difficult to enforce and are violated quite generally. The recep- 
tacles commonly used in the residential districts of the better class are 
watertight, covered, galvanized iron cans of 10 to 20 gallons capacity. 
In the poorer residential districts, however, the receptacles are usually 
of an unsuitable type. Here, old tubs, buckets. was!i boilers, boxes, and 
lard cans are commonly used. The use of such receptacles, needless 
to say, increases greatly the work of the collection department. 

Final Disposal. The municipal reduction plant is located aboiif 
four miles south of the center of the city and alxnit one mile from the 
coriK>ration line. It is situated on a tract of two acres lying im- 
mediately west of the Scioto River and adjacent to the sewage puri- 
fication works. The location for both the sewage and garbage dis- 
liosal plants was selected because of its remoteness from habitations, and 
at present no dwellings are situated within three-fourths of a mile of 
the plant. 

The reduclion works were coifstructed in 1910 and consist of four 
buildings; namely, a green garbage building, 90 feet by 40 feet in plan; 
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a main building in which the machinery is located, 1C2 feet by 76 feet in 
plan ; an office building ; and a stable. There Is soon to be added a sepa- 
rate building to house an extractor plant, and this will be located adjacent 
to the main building. All of the buildings are entirely new and present 
a very neat appearance. They are of concrete, steel and brick con- 
struction and are fireproof. Their surroundings are maintained in a 
tidy condition, walks and lawns being provided. 

The green garbage building is provided to receive the material as 
it is unloaded from the cars. The garbage cars are drawn into the build- ' 
ing on a siding which extends through it. The siding is at such eleva- 
tion that upon tilting the body of the car the material is discharged by 
gravity on to a dumping floor below the tracks. The dumping floor 
is constructed of concrete and is sloped to a drain by means of which 
the free water is removed from the material. Tfiis free water is con- 
ducted into a siunp or well, from which it is pumped for future treat- 
ment at the plant. A portion of the nibbish is picked from the garbage 
by hand and disposed of by dmnping near the plant. The garbage is 
shoveled into a 24-inch scraper conveyor which extends the fidl length 
of the dumping floor, and this conveyor carries the material to the main 
building, discharging it at the top story. Connected to this conveyor 
are swiveled spouts, by means nf wliich the garbage is conducted into 
the digesters. 

There are eight digesters arranged in two nests of four each. The 
digesters are each 7 feet in diameter by 14 feet deep and are con- 
structed of 5/8 inch riveted steel plate. The capacity of each digester 
is 12 tons. The inner lining is of cement and tile 1-1/2 inches in thick- 
ness. The inlet is an 18-inch circular opening at the to'p, the outlet 
being 16 inches in diameter at the bottom and fitted with a gate valve. 
Steam for cooking the material is conducted at the bottom through op- 
positely placed pipe connections, and during cooking the steam is allowed 
to escape at the top through a i-inch by-pass, and this vapor is conducted 
to a condenser to avoid the production of odors. 

Each nest of four digesters tlischarges directly do^fcnward into a 
receiving hopper from whidi the material is fed to the presses placed 
below the hoppers and on the ground f^oor of the building. The va[)ors 
from the hot tankage in the receiving hoppers are conducted to a con- 
denser which is trapped by a vapor tight steel hot well. Any odors 
escaping the condensers are conducted to the boiler fii^es. The jjresses 
are of the continuous roller type manufactured by the Kutztown Foundry 
& Machine Company of ]"'hi]adelphia. Each press is enclosed with a 
vapor-tight cast iron housing about 28 feet long, 3 feet wide, and 7 feet 
high. The material after it passes the presses is rather dry in af^ear- 
ance, containing about 40 per cent moisture, and has no very objection- 
able odor. It will be noted that at this point the garbage is first exposed 
to the air since its introduction into the digesters. It is carried by a 
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scraper conveyor irom the presses to the second story of the drying- 
department, where it is fed downwards into a rervolving cylindrical steam 
jacketed drier. The material is fed through this drier continuously, and 
upon its discharge is again conveyed to the second story of the building 
and screened. 

The water and grease from the roller presses flow through a covered 
conduit into catch basins located below the floor of the grease separating- 
room. From these catch basins the liquors are pumped into the separat- 
ing tanks. These are six in number, each being 7 feet in diameter by 
12 feet deep, constructed of riveted steel plates, entirely enclosed from 
air, and connected at the top. The grease is drawn off from the top of 
the last tank and stored for sale. The liquor from which the grease is 
separated carries with it a large amount of floating and suspended solids 
which collect at the top and bottom of the separating tanks. " This 
material is removed from the tanks by a magma pump which discharges 
it into a storage tank from which it is drawn and filter pressed. The 
liquids flow to the catch basin, and the solids are conveyed to the drying- 
room. The tank water is drawn from the last of the grease separating- 
tanks and pumped to a triple-effect evapojator for the recovery of what 
solids it holds in solution as well as to provide for its proper disposal. 
Hy passage through the evaiiorator the liquid is converted from a specific 
gravity of 5 degrees to 25 degrees Baume. The concentrated liquor, or 
so-called stick, is pumped by a magma pump to a storage tank in the 
drying department. 

The tankage, which has been passed through a continuous cylindrical 
drier and screen, is introduced into vacuum or mixing driers of which 
there are two. Upon introduction into the driers, the concentrated syrup 
or stick is added to the tankage and the mixture is dried completely. It 
is then conveyed to the third floor where it is stored for shipment. The 
addition of the stick produces a high grade of tankage in which there 
is but a small amount of fluffy or light fibrous material. This tankage 
according to analyses made by the chemist of the sewage purification 
works has approximately the following composition: 

Percentage moisture 7.0- 

ether extract 9.0 

ammonia (N H,) 3.4 

bone phosphate of lime (Ca, P.O.) 5.5 

Tt will be noted that the grease content remaining in the tankage after 
the separation by the pressing process is 9 per cent. It is in order to- 
recover this valuable product that the naphtha extraction plant is to 
be installed. With the addition of a grease extraction plant the tankage 
will be conveyed, from the storage room to the percolators and after the 
grease has been recovered, returned again for storage and shipment. 
The boiler plant consists of three horizontal tubular boilers, 7S 
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inches in diameter by 20 feet long. All electric power for driving the 
motors direct connected to the conveyors and presses is furnished by a 
municipal lighting plant. 

From the standpoint of the prevention of a nuisance incidental to 
garbage disposal. tJte Cohniibus plant represents the most perfect develop- 
ment in the reduction process which has been reached. No objectionable 
liquid wastes arc produced as all liquors are evaporated and only con^ 
densation water is discharged from the plant. The production of odors 
is minimized by keeping the garbage enclosed from the air while it is 
in a hot, steaming and cKloroiis condition. The condensation of foul' 
vapors from the digesters, presses, and driers, prevents contamination 
of the air by noxious odors. Although no serious complaints have 
been made, the plant cannot be said to be inodorous, and faint odors arc 
noticed at a distance of one-fourth mile or more in the direction of the 
wind. 

Quantity of Garbage. The quantities of garbage collected as ob- 
tained from records of the collection department, arc given for each 
inoTitii during 1908 and 1909 in table No. 59. The tonnage is cal- 
culated from data secured during the experimental studies herein de- 
scribed. \ comparison of the quantities collected during the two years 
shows a marked increase in 1909 over the collection of 1908. This i» 
i-lue to energy on the part of the department to make more frequent and 
complete collections. It will be seen that during the summer months 
the quantities collected are very much greater than at other seasons of 
the year. 
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TABLE NO. 59. 

QUANTITIES OF GARBAGE COLLECTED. 
1 908- 1 909. 







1908 






1909 






1_ 

1,5S2 
1,574 
1.482 
1,920 
1,670 

2! 176 
2,384 
3,318 
2,374 
1,586 


1 


8^ 


Ph" 


3 


1 

832 
749 
828 


■S3 

d"' 

.0099 
.0089 
.0099 
.0126 
.0110 
.0113 
.0153 
.0165 
.0219 
.0136 
.0119 
.0147 




. 


742 

752 

708 

1,176 

'997 
1,360 
1,490 
l-,450 
1,494 
998 


.0091 
.0093 
.0087 
.0113 
.0098 
.0096 
.0128 
.0140 
.0136 
.0140 
.0093 
.0123 


8.7 
8.8 
8.4 
13.8 
12.0 
11.8 
16.0 
17.6 
17.0 
17.6 
11.8 
15.4 


1,738 
1.666 
1,734 
2.212 
1,936 
1,994 
2;692 
2,910 
3,856 
2,384 
2,088 
2,588 












April 






1 

1 
1 

2 

1 
1 


185 
221 
682 
818 
402 
500 
313 






13 8 


































Total 


22,752 1 1,1.505 

1 


.1338 


158.9 


27.698 


16,513 


.1575 


187.8 



• Weight of garbage calculated from the following data : 
Average weight per cubic yard. 

Jan., Feb., Mar 957 pounds 

Apr., May, June 1,226 pounds 

July, Aug., Sept 1,250 pounds 

Oct., Nov., Dec 1,258 pounds 

Cost Data. The improvements in garbage collection and disposal 
of 1910 included entire new equipment in both departments and all old 
equipment and supplies were discarded. This old equipment was in a 
very poor state of repair and wa5i practically woithless for use in con- 
nection with the. improved system, 

Jn table No, 60 are snven itemized costs for the improvements. 

TABLE NO, 60. 

COST OF IMPROVEMFKTS IN' G\RRA(:E COt.I ECTION AND DISPOSAL ^ I9IO. 

Collection. 

Site for loading station, night soil station, dog 

pound and stables (10,136,40 

Loading station 14,101.40 

Stable 39,046.55 
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Collect ion — Concluded 

Trestle and driveway 2 , 153 . 10 

Grading, etc , 2,379.54 

Collection wagons 7,151,10 

Cars ., 7,564.00 

Railroad sidings 3,161.60 

Horses 10.000.00 

(95,693.8 

Disposal. 

Levee $9,711,72 

Buildings, grading, etc 81,267.05 

Reduction machinery ., 59,866.00 

Power equipment 21,356.70 

Elevators and conveyors 9,316.^ 

Railroad sidings 3,342.80 

Wiring 3,670.99 

Non-conducting covering 1,010.75 

189,542.5 

Miscellajicous. 

Office expense and advertising $1,401.18 

Engineering 16,143.48 

17, 544. f 

Total $302,780.* 



Owing to the fact that less than a year has elapsed since the im- 
proved system of collection and disposal was placed in operation, the 
operating costs have not yet been made knoWn. 

During 1908 and 1909, with the old system, the total costs of col- 
lection and disposal by burial were, respectively, ?36,ooo and $40,706. 
The unit costs on the basis of these figrtres were as follows : 




DEAD ANIMALS. 

The removal of carcasses of large animals has always been privately 
attended to without municipal supervision. The private companies have 
given efficient service in the removal of large animals inasmuch as this 
class of waste has a value which can be realized by proper treatment. 
One company is at present engaged in the rendering business several 
miles southeast of the city and receives almost all of the animals col- 
lected in the city. 
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Recently the city has provided equipment for the collection of dead 
animals and carries on the work to a limited extent. The carcasses are 
hauled directly to the municipal reduction plant and are handled with 
the garbage. ' 

The removal of small animals, living and dead, is cared for by the 
garbage department. A dog collector is employed to gather living anitnaJs- 
which are kept for a week or more at a pond near the garl>age loading 
station. They are then killed and delivered with the garliage to the 
reduction works. The carcasses of the smaller animals are removed 
by garbage collectors. As an indication t)f the extent of this work, there 
were disposed of during igro by the garbage department, 4503 dogs, 1310 
cats, and 1582 miscellaneous small animals.. 

No accurate records have been kept giving the number or cost of 
collection of large animals. 

ASHES AND RUBDISH. 

The collection and disposal of this class of city waste has for many 
years been carried on by private collectors. The city has provided for 
and is now equipping a department for the removal and disposal of ashes 
and rubbish, and this work will be carried on under the supervision of 
the garbage department. The existing methods of private collection and 
disposal have been carried on without organization or municipal control. 
The material is collected at infrequent and irregular intervals from the 
households throughout the city and disposed of by diunping upon low 
land at convenient points. The result of this promiscuous dumping has 
caused unsightliness in many portions of the city. There are, however, 
several large dumping grounds located upon private property, the owners 
of which have permitted dumping in order that otherwise undesirable 
property may be improved. The dumps have been neglected or poorly 
managed, are often permitted to burn, and are generally objectionable 
to the vicinity in which they are located. 

STREET CLEANING. 

The failure on the part of the city authorities to maintain reports 
and records of the street cleaning department in the past renders it im- 
possible to give an account of past experience in this work. The street 
cleaning department has been municipaliy operated for a number of 
years but until recently its equipment has been insufficient for the needs 
of the city. The department is at present undergoing improvements and 
extensions and is rapidly becoming well organized and efficient. 

The street cleaning department is a subdepartment of the depart- 
ment of public service and is directly under the supervision of .a street 
cleaning superintendent appointed by the mayor. The superintendent 
employs a clerk, foreman, and laborers necessary for the work. It has 
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recently become the custom at Columbus to man the entire department 
H'ith negroes and all of the employees in this service including the super- 
intendent are of that race. 

The work of street cleaning is extended to practically all of the 
paved streets of the city. The central and main residential sections, 
however, receive frequent attention, while the less important streets of 
the city are frequently neglected, being cleaned as rarely as once a year. 
The equipment of the department consists of 8 flushii^ machines, 17 
sprinkling wagons, 9 machine sweepers, 35 white wing outfits, 23 dump 
wagons, and other miscellaneous supplies. The department owns no 
horses, excepting one provided for the superintendent, and all teams are 
hired by the day with a driver. 

Methods of Street Cleaning. During 1910, the first year for which 
records are available, the principal methods of cleaning were machine 
sweeping and hand cleaning. Approximately equal areas were cleaned 
by these methods. Flushing was al_so used to some extent and in the 
central portion of the city was the principal method employed. In table 
No. 61 are shown the relative areas cleaned by the different methods 
during 1910, and the quantities of material removed. 



TABLE NO. 61. 

AREAS. CLEANED BY VARIOUS METHODS OF STREET CLEANING. 



Method. 


< 

88,516 
81, (B4 
18,321 


at 

46.4 
44.1 
9.5 


t 

5 

1 

(J 
35,668 

14,088 
9,357* 


Is 








■51 








190,761 


100.0 


59,113 









* Including catch basin cleanings. 

In cleaning by means of flushing machines, it is the practice at 
Columbus to operate the machines independently. This method is not 
the usual custom where flushing is extensively used and may account for 
the somewhat higher cost of the work at Columbus. By this method 
it is necessary for the flusher to return over the same area a second time 
in order that the dirt be flushed to the gutters. The material collecting 
in the glitters is swept in piles and removed within twenty-four hours 
after flushing. The cleaning of catch basins within the area covered 
b}' the flushers is attended to by the street cleaning department and must 
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be frequently done to prevent stoppages. The flushing leaves the surface 
of the street almost perfectly cleaned and creates no nuisance from dust. 

In machine sweq>ing one or more machines are used. These folloiv 
closely a sprinkling cart hy the use of which an attempt is made to reduce 
the dust. This result is rarely accomplished and the operation of the 
machine sweeper is quite frequently attended by the creation of clouds 
of dust which settle upon walks and lawns nearby. The material swept 
to the gutter is gathered into piles by laborers supphed with brooms and 
shovels, and placed into a dump cart which follows. 

Hand or white wing cleaning is confined chiefly to the central portion 
of the citj' and to asphalt paved streets in the main residential portions. 
Each laborer employed in tliis work is equipped with a small cart and 
a number of cans, a broom, shovel and scraper. He is assigned to a 
certain area which must be covered each day. The cleanings are gath- 
ered daily from the cans by dump wagons. In connection with the hand 
cleaning in the down town portions, rubbish boxes are provided at street 
intersections, and these tend to reduce the Uttering of the streets. 

All street cleanings are hauled to dumps located in various parts 
of the city. The department expends but a small amount for dump 
maintenance, and as the majority of the dumping grounds are privately 
owned, the city gives httle attention to their proper care. The result 
of the disposal of street cleanings in this manner does not create a nui- 
sance, although it pr<xluces unsightliness at the dump. 

During the winter months and following excessive snowfall, the 
department is entirely devoted to snow removal in the down town por- 
tions. During this time of course no street cleaning is done. In Januan.' 
and February, 1910, heavy snows occurred, and the department without 
additional equipment removed 41,000 cubic yards of the material. A 
short iiaul was in all cases possible as the material was dumped into the 
main intercepting sewer, the course of "which is within 500 feet of the 
business portion of the city. 

Cost Data. The original cost of the ccjuipment of the street cleaning 
department is not known. A recent inventory taken in 1910 indicates 
the present value of the equipment to be $12,170. This does not include 
land or buildings owned by the department; 

] In table No. 62 are given the total and unit costs for the main- 
tenance of the street cleaning department for 1907, 1908, 1909 and 1910, 
and in table No. 63 are given the costs for 1910 of the various methods 
used. It will be noted that there has been a gradual increase in the 
amount of money expended for street cleaning during the years for which 
the figures are given. 
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TABLE NO. r>->. 

COST OF STREET CLEANING. 
1907-1910. 



1!K)8 

mm 

191(1 



$78,289 I SO. 478 : 

90.19n I .rm 1 1 

nfi.28.1 ■ ..-.47 ■ 

HU.I48 ' .r,m ' *il..Vtii *I.TI 



TABLE NO. tV. 

COST OF VARrorS METHODS OF STREET CLEAXING. 
I9IO. 



V^ 



Machine cleaning ; ' W7,7.'>!* , ^il.-121't 

Hand cleaning ; m,im I .391 

Flushing ! 1(>,781 j .92 

Sprinkling ! 8,439 | 

Total *101.148 I 

I 

* Total cost including overhead exptiise. 

NIGHT SOIL. 

The city has never undertaken tlie work of removing night soil, al- 
though the work which is privately done has been carried on under muni- 
cipal regulation. In the past a number of licensed vault cleaners have 
been engaged in the work and have disposed of the material by burial 
either upon the garbage farm or at other suitable points outside the 
municipality. There is at present only one company performing this 
work and it operates under an exclusive license. The municipal regula- 
tions provide that the work be done between the hours of 10 P. M. and 
6 A. M., and that the waste material be removed in watertight wagons. 

In 1910 the city erected a night soil dumping station on the same 
property with the garbage loading station, and since that time all of the 
material is disposed of by this means. The night soil is screened and 
flushed into the main intercepting sewer, through which It passes to 
the sewage purification works. 
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DAYTON. 



Dayton is located in the southwestern portion of the state on the 
Little Miami River at the point of confluence of that stream with the 
Mad and Stillwater rivers. The area included within the corporation 
limits is about 15 square miles. The population, according to the 1910 
census, is 116,577. I" t^^ accompanying table it will be seen that the 
growth of the city since 1880 has been very flourishing. 

Percentage. 
Year. Population, Increase. 

1880 38,678 26.9 

1890 ' 6t .220 58 .3 

1900 -. 85,333 39 .4 

1910 ., 116,577 36.7 

The topography within the city and in the surrounding country is 
generally quite level. There are sections, however, where the topog- 
raphy is rolling, but no portion of the city is the haul of collection 
wagons made difficult. 

Dayton has in recent years become an important manufacturing 
center and contains a number of large industries, the most important of 
which are cash register works and car shops. 

The city is well supplied with municipal improvements, having a 
satisfactory public water supply derived from driven wells ; an adequate 
sewer system constructed on the separate plan ; paved streets ; and well 
organized departments for the collection of, city wastes and street clean- 
ing. The general appearance of the city is very favorable and, it should 
be stated, the city authorities are greatly assisted in maintaining cleanli- 
' ness by an unusually well developed city pride. 

Tlie departments for the collection and disposal of city wastes and 
street cleanings are placed under the general direction of the public ser- 
vice department. In immediate supervision of the woric there is a super- 
intendent of street cleaning, who has direct charge of garbage collection, 
rubbish and ashes collection and street cleaning. The disposal of garbage 
collected by the city is carried on by a private company, the Dayton Re- 
duction Company, which operates under a contract with the municipality. 
Other wastes are disposed of by the city. 



Previouis to 1897 the collection and disposal of garbage were carried 
on by licensed scavengers and there was but little organization in the 
work. The material was dumped on land or into the Miami River and 
objectionable conditions prevailed. In 1897 the city inaugurate munici- 
pal collection and constructed a crematory of the Dixon type for the 
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disposal of the garbage. The crematory was destroyed by fire in 1899, 
and thereafter until 1905, the garbage was disposed of by dumping, as 
was the custom previous to the building of the crematory. In 1905 a 
private company, the Dayton Reduction Company, was organized to 
dispose of the garbage collected by the city, and the work has been car- 
ried-on in this way until the present time. 

Present Methods. 

The garbage collection is carried on by a brancli of the street clean- 
ing department, which is a sub-dq>artment of the public service. The 
street cleaning superintendent is in general charge of the work, the de- 
tails of which are attended to by assistants and inspectors. The drivers 
and laborers are al! employed by the superintendent and are retained 
without respect to political affiliations. 

Garbage collections are made in all portions of the city and during 
all seasons of the year. It is the attempt to make weekly collections in 
all of the residential districts, but the outlying districts usually receive 
less frequent service. This is especially true when the weather condi- 
tions are bad or when the collection work is very heavy. 

The hotels, restaurants and large apartment houses in the central 
portion of the city are served daily. The reduction company insists that 
the city deliver to it al! of the garbage, but objects to handling market 
und commission house wastes. Although there has been some contro- 
versy, the city has generally agreed to the company's demands and has 
delivered practically all garbage froni residences, hotels and restaurants, 
but has not delivered a large quantity of market and commission house 
wastes. 

Tliere are in all nine collection districts, having areas of from one- 
third to one and one-half square miles, each of which is served by one 
collection wagon. The average length of haul of the collection wagons 
from their districts to the loading station is 1.5 miles. The maximum 
haul is 3 miles, while the minimum is about O.75 mile. In order to 
cover the assjgned territory, it is necessary for the collection wagon to 
make at times as many as four trips a day, and this is possible without 
overwork, due to the short haul. 

Equipment for Collection. The equipment of the collection depart- 
ment consists of twelve collection wagons ; a loading station ; and four 
tars for transportation of the material to the reduction plant. The de- 
partment owns no horses, but hires all teams with drivers. The drivers 
care for the collection wagons, keeping them in private barns, and 
stables. 

The collection wagons are of a special type, consisting of a heavy 
running gear, upon which is placed a removable steel tank body in which 
the gari)age is collected. There are two sizes of tanks used, the larger 
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ones for two-horse wagons being 6 feet 6 inches long and 3 feet wide, and 
3 feet 6 inches deep, giving them a capacity of 2J cubic yards. The small- 
er tanks, designed for one-horse wagons, are 6 feet 6 inches long, 3 
feet 4 inches wide, and 3 feet 3 inches deep. Their capacity is 1.8 cubic 
yards. The large wagon running gears with four tanks cost $360 each, 
the running gear costing about $140 and the tanl^s $55 each. 

The collection wagons deliver the garbage at a receiving station 
located in the north-centra! portion of the city, convenient for shifting. 
The receiving station is 1.75 miles from the reduction plant. The station 
consists of a steel and galvanized iron shed and into which a railroad 
siding extends, its length being sufficient to accommodaite two flat cars. 
The wagons are driven through the shed alongside the cars and the gar- 
bage tanks are transferred to the cars by means of a hand-operated 
crane. One man is in charge of the receiving station and assists in load- 
ing the tanks, besides maintaining records of the amount of work done 
by the collectors. 

The cars, of which the city owns four, are flat cars of ordinary 
construction and are of such size as to accommodate ten tank bodies. 
Their capacity is, therefore, 25 cubic yards, or 18.5 tons of garbage. 

Method of Collectwu. In order to facilitate collection and assist 
in the proper removal of the garbage, rules have been passed by the 
city, providing that proper receptacles covered and water-tight be pro- 
vided by the householder, and that these be placed within reach of the 
collector; the rules also provide for the separation of rubbish from the 
garbage. The enforcement of these regulations has been found to be 
very difficult and their violation is quite general. An inspection of the 
greater portion of the residential district of the city revealed the fact 
that not over 10 per cent, of the households were provided with garbage 
receptacles of a satisfactory type. Tc was quite customary to find old 
tubs, bucket.s and pans of various kinds used for this purpose. The 
receptacles were, of course, uncoveTe<l. There is also a tendency among 
the people to include in the garbage dish water and other liquid wastes 
from the kitchen. The effect of these two practices, namely, the use 
of uncovered receptacles, and the tendency to include liquid wastes, has 
a marked effect upon the character of the garbage and increases its 
moisture content appreciably. 

Final Disposal. The plant of the Dayton Reduction Company, 
where all the garbage is delivered for final disposal, is located just out- 
side the eastern limits of the city a short distance south of the ^lad 
River, The plant is owned by a private company and operates under 
a contract with the city, by the terms of which it receives all garbage 
collected within the city delivered at the plant. No bonus is paid by 
the city or by the company in the transaction. 

The general surroiuidings of the plant at the time of its construc- 
tion were satisfactory for the location of reduction works. In recent 



Uq,i,ze.b,'(^00'^IC 



-STATE BO.\RU Ul" HEALTH. l^t 

years a growlii in residential extension has taken place in the vicinity of 
the plant, and there are now a number of houses witiiin a shott distance 
in a soittlierlj' direction from the plant. 

The reduction works were buih in 1905 aiid consist of two buildings, 
namely, a main building, which contains the principal reduction machin- 
ery; and a drier building whicli has been recently added. The main 
building is constructed of steel, concrete and brick, and is fire-proof. 
It is four stories in height and contains besides the garbage machinery, 
a power plant and office. The retluction machinery is of the type used 
in the so-cailed Edson proce^^s of garbage reduction. 

The flat cars carrying the wagon bodies filled with garbage are de- 
livered at the plant each evening and are bandied on the following morn- 
ing. An electrically oj^erated crane raises the wagon body from the flat 
cars to the top floor of tlie building, where the material is dumped into 
one of three concrete receiving bins which occupy that floor. Each bin 
is 12 by 15 feet and about 2]/^ feet deep. A manhole is provided in the 
center of each bin through which the garbage is shoveled, the floors being 
sloped slightly toward the manhole. Tlie garbage is seldom stored in 
these bins for a gieater pericKi than twenty-four hours. The wagon 
bodies after emptying are washed and steamed by inverting them over 
a grid of steam and hot water pi])ing. The steaming is continued for, a 
period of about thirty seconds, after which the tank is lowered to the 
platform. Observation would indicate that the method of cleaning is 
.satisfactory. 

From the garbage bins the garbage may be conducted to any of six 
digesters by means of swivel spouts connected with the manhole open- 
ings. The digesters are each 8 feet in height by 5 feet in diameter, and 
con,stmcted ,of f^-inch steel plates. The capacity of each digester is 4 
tons. Each digester is provided with a steam jacket about 4 inches in 
width, which entirely surrounds the shell Of the tank. By means of =team 
introduced into the jacket the garbage is cooked for a period of about 
eight hours, a pressure of 60 pounds being maintained within the digester 
by means of a small air compressor. This pressure is to prevent boiling. 
In order to avoid corrosion the digesters are lined with cast iron -)^ 
inches in thickness. After digestion is completed the pressure is released 
through a 2-inch blow-off pipe, the vapors entering a jet condenser, 

Erom the digesters the garbage is dropped under slight pressure into 
driers. There are three driers, one being provided for. each set of two 
digesters. The connections from the digesters to the driers are through 
r4-inch pipes controlled by gate valves. The driers are cylindrical in 
shape, 8 feet in diameter by 14 feet long, the cylinder being set horizon- 
tally. They are steam jacketed with a 3-inch steam space. A shaft car- 
rying fourteen stirring arms e.>:tends longitudinally through the drier and 
during drying this shaft is revolved at a rate of 15 revolutions per minute. 
Steam is used in the jacket at 60 pounds |)ressure. During drying the 
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vapors are drawn off by 8-inch pipes which unite into a 12-inch main 
extending to the jet condenser before mentioned, located at the top of 
the building. Here the odors are removed to a large extent, but the ex- 
haust vapors are carried to tlie boiler fires where they are completely 
consumed. The process of drying by this means requires fourteen to 
eighteen hours, after which the material is removed from the drier in an 
almost completely dry condition. 

Recently the practice of completely drying the garbage by this means 
has Ixeii abandoned and only a partial drying of the niaterial now takes 
place. To complete the drying there have been installed two direct heat 
driers in an adjoining building. The partially dried material from the 
steam jacketed driers is carried to the direct heat driers by means of 
an elevator and chute, the latter discliarging" into an enclosed storage bin 
from which it is fed to the driers by hand. The driers are cyhndrical in 
shape, 25 feet in length by 36 inches in diameter, an-d are constructed 
of riveted steel plates. The driers are set at an angle slightly inclined 
from the horizontal and rest on roller bearings on wliich the shell is 
revolved. A furnace is located at the charging end of each drier and 
the hot products of combustion are condiicted through the driers. The 
garbage is turned within the shell by means of six shelves riveted to the 
shell and extending longitudinally through it. At the discharge end of 
the driers the dried tankage is taken by a screw conveyor to a bucket 
elevator, which raises it to the upper portion of the main building where 
it is stored until subjected to the process of extraction of the grease. 

From the storage floor the tankage is conveyed by chutes into perco- 
lators, of which there are two. These are steel tanks 6 feet in diameter 
and 6 feet deep, surrounded by a stee! jacket liaving a 4-inch space. A 
vertical shaft carries stirring apparatiis of six cast steel arms. Naphtha 
is pumped through the percolator for a period of several hours 
and by this means practically all of the grease is dissolved and removed 
from the tankage. After this steam is turned into the percolator at a 
pressure of 20 pounds and revolving arms operated in order to remove 
all traces of naptha. The naphtha and vapor are conducted to a con- 
densing apparatus. 

The naphtha contained in the grease in solution is pumped into 
separators, of which there are two. These are double tanks whidi have 
the genera! appearance of an hourglass, except that the upper and lower 
portions are cylindrical. The upper tank is about 6 feet high by 4 feet 
in diameter. The lower tank is 7 feet high by 4 feet in diameter. The 
upper tank is provided with umbrella- shaped and inverted hollow, trun- 
cated-cone shaped baffles placed alternately, over which the liquid con- 
taining the grease percolates. These baffles are made with steam spaces 
and the heat thus provided causes the naphtha to vaporize and pass off. 
The liquid is collected in the lower tank, which is provided with a steam 
jacket and which causes further vaporization. From the lower tank the 
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liquid is pumped into the second separator and this operation continues 
until all of the naphtha has been vaporized. The naphtha fumes are con- 
ducted through pipes to a condenser which also receives the fumes from 
the percolator, and are there liquefied. This condenser is located just 
outside the building and consists of an open steel tank in which are long 
coils of pipe, ranging in size from 3 inches near the inlet to ij^ inches 
near the outlet. The naphtha fumes pass through those pipes and are 
liquefied by cool water around them. After cMidensation the naphtha 
. is conducted to a storage tank. 

The grease removed from the separators is passed into a treating 
plant, in the bottom of which is provided a system of piping from which 
hot air at a temperature of 220 degrees is blown to remove the last traces 
of naphtha. After this the grease is stored for shipment. 

The tankage removed from the percolators after the grease has been 
extracted is carried by a conveyor to the storage room, where it is 
screened and stored for shipment. The tailings are pulverized in a jaw 
crusher and passed through the screen. The tankage is used prinicipally 
by a nearby fertilizer plant. 

The mechanical equipment of the plant consists of four 125 horse- 
power return tubular boilers, feed water pumps and heater; two con- 
densor water pumps of 1,000,000 and 750,000 gallons capacity, respec- 
tively; an air compressor; a vacuum pump; a 250 hosepower Buckeye 
engine; and. a small direct connected generator. 

The tankage proiluced by the reduction process and with the use of 
- direct heat driers is of a dark color and somewhat granular and lias -a 
slightly burnt appearance. With the use of steam jacketed driers alone 
the tankage was brown and more powdery in appearance. The average 
of analyses of six composite samples collected April, 1909, to June, 1910, 
is as follows : 



Per cent, combustible matter 63. HS 

Calorific value (B. T. U.) 5543. 

Per cent, ether extract 3.12 

Per cent, phosphoric add (P,0() 1 .81! 

Per cent, nitrogen (Kjeldah!) 2.93 

Per cent, potash (KiO) 0.68 

It will be noted that the moisture content is rather high, due to 
incomplete drj'ing as well as steaming in the perccJating process. The 
grease remaining in the final product (3%) is also somewhat higher than 
usually obtains with similar reduction processes. 

The operation of the plant of the Dayton Reduction Company as 
whole is somewhat objectionable on accoimt of the production of odor, 
and it is seriously complained of by nearby residents. It is probable, 
however, that odors from a fertilizer plant immediately north of the 
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works are also attributed to the garbage plant. The Eclson process kecpj 
the material enclosed from the air until it is dried and this reduces the 
production of odors. It, moreo^■e^, produces no liquid waste, as all 
liquors are cared for. The condition of the digesters and driers, how- 
ever, determines largely the production of odors, and as at Dayton they 
usually leak to some extent, odors are here priaduced. The use of direct 
heat driers, moreover, is attended by the production of very foul vapors 
which are discharged freely into the air. 

Quantity of Garbage. In table No. 64 are given records of the 
quantity of garbage collected monthij' during 1908 and 1909. It will be 
noted that the summer collection is very much higher than at other sea- 
sons of the year, and that the minimum occurs during the winter months. 
A comparison of the records for the two years shows strikingly the im- 
provement which has taken place during that period in the efficiency of 
the department. The quantity collected in 1909 shows an increase over 
that collected in 1908 of over 20 per cent. 



TABLE NO. 64. 

QUAMTITIES OF G.\RC.\GF, COLLECTED. 
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January . . , 
February .. , 

March 

April 

May 
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_July 

September .. 
October .... 

IX'ctmber .. 



Total . 



1,750 
1,791 
1,440 
1,319 



.0117 
.0146 
.0154 
.0158 
.0127 
.0116 
.0109 



13.9 
14.4 
15.8 
14.9 
16.2 
17.3 
21.6 
22.7 
23.3 
18.9 
17.1 



* Tonnage calculated at 1475 pounds per cubic yard. 

Character of Garbage. The character of the Dayton garble has 
been described in a previous portion of this report and the detailed 
analyses are presented in an appendix. The garbage is distinguished 
from that of the other cities of Ohio in its abnormally high moisture 
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content, which averaged 80.6 per cent, from May, 1909, to June, 1910. 
This excessive moisture is brought about principally by the use of im- 
proper receptacles and the inclusion of liquid wastes by the householders. 
It has a marked effect upon its appearance and its weight per cubic yard 
averages 1475 pounds, an exceedingly high figure for garbage. Its 
chemical composition is also affected and a general lowering of the 
various constituents is caused by the excessive moisture. 

Cost Data. The original cost of the garbage collection equipment 
o\^ned by the city was approximately $10,000, and additions have in- 
creased this but slightly. Tlie cost of collection is represented by the 
appropriations made for that purpose ($26,000 per annum during 1907, 
1908 and 1909.) These expenditures, however, include minor additions 
to the equipment of the department. The costs can be given only ap- 
proximately, as no accurate data is available. Table No. 65 gives the 
costs for 1907 and 1908, 



TABLE NO, 65. 

COST OF GARBAGE COLLECTION. 
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The cost of the plant of the Dayton Reduction Company, including 
additions made to date, is approximately $125,000. The annual main- 
tenance expense, including fixed clxarges, is approximately $45,000. On 
this basis the plant is operated withcnit profit to the company. 



DEAD ANIMALS, 

Dead animals have always been collected privately. Since 1905 the 
Wuichet Fertilizer Company, an industry affiliated with the Dayton Re- 
duction Company, has removed practically all of the animals from the 
city. The city authorities have had no trouble arising from neglect on 
the part of the fertilizer company in prompt removal of dead animals, 
and complaints have been few. The carcasses of dead animals have a 
\-aluf which may lie realized by rendering. This is the process employed 
by the Wuichet Fertilizer Company, and a valuable animal tankage is 
produced which is used as a fertilizer base in the preparation of the 
final product. 

The removal of small aniniais is carried on by the municipal garbage 
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collection department. A wagon is maintained for this purpose and is 
in daily attendance to complaints which arise. The animals are shipped 
with the garbage and handled by the reduction process. 

RUBBISH AND ASHES. 

The ccJlection and disposal of ashes and rubbish at Dayton has under- 
gone little change since the city took up the work a number of years 
ago. Previous to the inauguration of city collection the work was im- 
properly cared for by private collectors, and its disposal was unorganized 
and led to complaints from residents of the vicinity of the dumps. 

Present Methods. 

The department for the collection of rubbish and ashes is a sub- 
department of street cleaning and is correlated to the garbage department, 
being under the same superintendent. Assistants, foremen and laborers 
are employed directly by the sui>erintendent, and the maintenance of all 
equipment and dumps is under his direction. For rubbish and ashes col- 
lection the city owns no equipment, hiring all teams and wagons by the 
day. 

Ashes and nibbisli are collected from all sections of the city, which 
is divided into eleven districts, each of which is served by one wagon. 
The areas of these districts vary from J4 to ^/^ square miles and 
average 0.8 square mile. The average haul is about 0.66 mile, varying 
from a maximum of one mile to a minimum of ^ mile. It is aimed 
to make weekly collections, but is not usually accomplished, owing to 
the rather large area per wagon used. Considering the fact that the 
equiiMnent is not owned by the city and that, therefore, absolute muni- 
cipal control is impossible, the work carried on by the department is 
very efficient and satisfactory. 

Xo restriction is placed upon the character of the material which 
will be collected, excepting that the garbage must be separated. It has 
been attempted by regulation to provide for the use of pr(^>er receptacles, 
but this has failed as in the case of garbage. 

Final Disposal. All ashes and rubbish collected are hauled to dump- 
ing grounds conveniently located in various portions of the city. The 
total number of dumps thus used by the city is sixteen, the largest of 
which are located upon low land bordering the Miami River. None of the 
dumps are owned by the city, but privdege is granted by the private 
owners for the disposal of the material upon the land. The city, how- 
ever, maintains laborers at the dumps, whose duty it is to attend to the 
proper placing of the material and the general maintenance of the dumps. 
The dumping grounds have been located for the purpose of minimizing 
the length of Jiaul from the various collection districts and the average 
haul required does not exceed 0.66 mile. The maximum haul for those 
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sections removed the greatest distance from available dumps is some- 
what over one mile. In thus selecting the location of clumping groimds 
it has not been possible to remove them from built up residential districts 
and all of the dumps are in close proximity to dwellings. The dumps 
are in a certain way beneficial to these residential districts, however, as 
the ultimate result is a recovery of useless land and thereby a creation 
of available location for (dwellings. 

Owing to the character of the rubbish and ashes which are collected, 
the proper maintenance of the dumping grounds presents no special dif- 
ficulty. The material is quite largely composed of ashes and dirt, which 
makes an excellent fill. The dumps are moreover, shallow, and this 
provides the possibility of quickly covering the loose material dumped. 
In certain sections, however, the dumps have given rise to complaint on 
the part of nearby residents, owing chiefly to the littering of streets and 
yards by material scattered by the wind. The odors arising from the 
dumps are not objectionable, and this is chiefly due to the fact that fires 
have not been prevalent. 

Only a small amount of saleable rubbish is removed from the ma- 
terial brought to the dumps. This is not done by the city, but is per- 
mitted to be carried on by persons attempting to earn their livelihood in 
this manner. 

In general it may be said that the disposal of rubbish and ashes by 
dumping has been satisfactory. By this means the material is conveni- 
ently disposed of with a short haul and valuable land created within the 
city. The greatest objection to the method is the unsightliness caused 
by dust and refuse scattered by the wind. This could be largely avoided 
by the exclusion of rubbish from the material dumped. 

Quantity of Rubbish and Ashes Collected. In table No. 66 are 
given records of quantities of material collected monthly during 1909. 
It will be noted that slight fluctuation occurs during the year and that 
the winter collections are not higher than for other portions of the year. 
This is true regardless of the fact that coal is quite generally used as a 
fuel. The constancy during all seasons of the year would indicate that 
the equipment of the department is inadequate for sufficiently frequent 
collections during the seascwis of heavy production, and that the depart- 
ment is engaged during the entire year in removing accumulations of 
weeks or months. The total quantity collected during the year compares 
favorably with that of Cincinnati, where the production of housrfiold 
ashes is about the same as at Dayton. 



)vGoO'^lc 



SUPPLEMENT TO ANNUAL REPORT 



TABLE NO, 66. 

QUANTITIES OK RUbltlSH AND ASHES COLLECTED. 
1909. 
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-Tonnage calcubled at 1090. pounds per cubic yard. 



Character of Rubbish and Ashes. The results of field and labora- 
tory examinations of rubbish and ashes at Dayton are contained in an 
appendix to this report, and their character in comparison to that of the 
material of the other cities of Ohio has been discussed. This waste at 
Dayton is somewhat different in appearance and composition from that 
of Cleveland and Cincinnati, the difference being S'hown principally in 
the smaller percentage of light rubbish and large percentage of ashes 
and dirt. This result is due largely to the infrequent collections, which 
make it necessary for the householder to dispose of a large portion of 
the combustible rubbish by burning it. 

Cost Data. The total annual cost of rubbish and ashes collection 
is approximately $26,000. This includes hire of wagons, teams, drivers, 
helpers and caretakers of dumps. On this basis for 1909 the unit costs 
were $0.23 per capita, $0.47 per cubic yard and $0.80 per ton material 
collected. These unit costs are lower than obtain in the larger cities, 
brought about by the short haul, as well as by smaller expenditures to 
secure frequent collections. 



CLEANINGS. 



The street cleaning department at Dayton while quite active and 
efficient, has developed to a very much smaller extent than has been the 
case in the larger cities of the state. The department is managed by a 
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superintendent, under the public service department, and during -the 
active seasCMis of the year about fifty laborers are employed. The work 

is not carried on at all seasons of the year, being practically suspended 
during the winter- months. 

The paved streets of the city, having a total length of about 45 miles, 
are cleaned by the department, but on all excepting the principal streets 
the cleaning is somewhat irregular. In the central portion of the city, 
however, practically continuous cleaning is done, the work being per- 
formed by hand labor. 

Equipment. The equipment of the department for street cleaning 
is provided principally for carrying on the machine sweeping methods. 
Flushing of the principal streets is coming into importance and it is quite 
likely that the new equipment of the department will be for this purpose. 
At present the department owns 10 machine sweepers ; 2 sprinkling carts ; 
2 St. Louis flushing machines; 5 dirt wagons; and some 15 outfits for 
hand cleaning. No horses are owned by the city for this work, all teams 
being hired with drivers. 

The equipment of the department is maintained in wagon sheds and 
yards owned by the department and located in the central portion of the 
city. Here also is maintained an office and small repair department. 

Methods of Street Cleaning. The principal methods of street clean- 
ing employed at Dayton are hand cleaning and machine sweeping. Prac- 
tically all of the asphalt-paved streets of the city, of which there are about 
43 per cent., are cleaned by hand labor, while streets with other kinds 
of pavement are generally cleaned by machine sweeping. Flushing is 
used only in the central business portion of the city. 

The hand cleaning method is not, strictly speaking, the white wing 
method, and usually no receptacles are used in which the material is 
kept until collected by the wagon. It is the common practice to sweep 
or scrape the surface by hand, placing the material in heaps in the gut- 
ters. It is picked up and removed by the collection wagons daily. The 
material thus removed is usually quite dry and dusty and the process of 
loading and dumping it is attended by the creation of a large quantity 
of dust. 

Machine sweeping is carried on in the same manner as is the usual 
practice. The sweepers are preceded by sprinkling carts and followed 
by laborers who collect the material into piles in the gutters. This pro- 
cess of cleaning is also attended by the creation of dust. 

Flu shing,_ although a method recently adopted, is growing in impor- 
tance and its use is increasing. At Dayton flushing is used only on 
smoothly surfaced streets and very satisfactory results are obtained, the 
streets being rendered almost entirely clean. The operation is not at- 
tended by the dust nuisance common to other methods of cleaning. 

Fifujl Disposal. The street cleanings removed by the various 
methods are disposed by hauling them to the most convenient rubbish 
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dump. Here the material is placed at the surface of the dump, where 
it 'serves the purpose of levehng and finishing the top. The disposal of 
the street cleanings in this way is objectionable when the material is dry 
and dusty, as a nuisance is caused at the time of dumping or after the 
material has been dumped and leveled. 

Cost Data. Accurate cost data for street cleaning are not available, 
as the funds of the street cleaning and mbbish-ashes department are not 
separated. During 1909 approximately $40,000 was expended for the 
cleaning of streets. This represents $0,362 per capita, which figure is 
somewhat smaller than that for other cities of the state. 
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■ CANTON. 



The city of Canton is located in the east-central portion of Stark 
County and lies between the east and west branches of -NimishiUen 
Creek, just north of their confluence. The area included within the cor- 
poration Hmits is .^,964 acres or 9.32 square miles. The surrounding 
couotry is mildly hilly, kit the area induded in the most thickly built 
up portion of the city is rather flat. 

The population of the city, according to the 1910 Federal cen- 
sus report, 'is 50,217. The growth in population since 1880 has been very 
great, as shown in the following table: 

Peri:entage 
i'car. Population Increase. 

Ifi^li 12,258 41.5 

If'LMi , 26,189 113.6 

Uim 30.607 17.1 

IfHO 50,217 f!:l,7 

Canton is primarily a manufacturing city and contains a gl"eat variety 
of industries. In municipal improvements the city is provided with a 
public water supply of good quality derived from drilled wells; a sepa- 
rate system of sewers; and about 25 miles of paved streets. 

The general sanitation of the city is given attention by the local 
board of health, and cleanly conditions are maintained generally in almost 
all portions of the city. 

The wastes of the city, garbage, rubbish, ashes, night soil and 
manure are all removed privately. The city has provided a crematory 
for the disposal of garbage, but all other wastes are privately disposed 
of. A municipal department cares for the cleaning of the streets. 



No accurate information regarding the gajjjage situation previous to 
1903 is available. It is, however, known that before this time .the co'- 
lection of garbage and other wastes was given but little attention and 
was not regulated in any manner by the city. This work was perfotnied 
by private scavengers and the garbage carried to farms outside the city,_ 
where it was either dumped on the surface of the ground or fed to 
swine. Needless to say this early system of collection was unsatisfactory 
and with the growth of the city improvements became necessary. 

During the years 1902-1903 the city constructed an incinerating 
furnace for the disposal of garbage and dead animals from the city. 
The improvement was completed in April, 1903. At this time the gar- 
bage collectors were licensed and an ordinance provided that all garbage 
be delivered at the incinerating furnace. The improvement of 190^ 
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indirectly affected the conditions of the collection of garbage, inasmuch 
as the ler^h of haul was somewhat reduced, permitting greater fre- 
quency of collection and a more complete covering of the city. The col- 
lection of garbage by a number of licensed collectors, however, became 

unsatisfactory and inadequate for the needs of the city, and it becanis 
necessary to reorganize the system of collection and place it upon a 
better basis and under municipal control. This system of collection 
remained in use, however, until August i, 1910. 

In April, 1910, an ordinance providing for the awarding of a con- 
tract to a company to engage in the collection of garbage and dead 
animals was passed. According to the terms of this ordinance bids 
were received and the contract was awarded to a company known as 
The Canton Garbage Company, the lowest bidder. This company began 
to operate under its contract August i, 1910. By virtue of its con- 
tract with the city. The Canton Garbage Company cares for the collection 
of all garbage and dead animals within the city. In the principal resi- 
dential portions collection is made once each week, while in the outlying 
districts collections are less frequent. In the central business portion 
of the dty daily collections are made. A charge to the householder of 
7 cents per can is made for its removal. 

The equipment owned by The Canton Garbage Company consists 
of five wagons, ten horses, and several thousand cans. The wagons, 
which are rather lightly constnicted, are built with two floors or plat- 
forms, each of which is of such a size as to accommodate thirty lO- 
gallon cans. The total capacity of each wagon is, therefore, 60 cans or 
3 cubic yards. Each wagon is drawn by two horses and the collectors 
are distributed two to the wagon. 

All cans are owned by the company and supplied to the house- 
holders as receptacles for the garbage. In collecting the garbage the can 
containing the refuse is placed upon the wagon and an empty one left 
in its stead. The contract with the city prohibits the opening of cans 
containing garbage, except at the incinerating plant, and also provides 
that after the cans have been emptied at the plant they shall be thoroughly 
cleaned and disinfected before again being placed in use. The equip- 
ment for this purpose is very crude and inefficient, consisting simply of 
a small boiler for furnishing steam and a platform on which the cans 
are washed. 

The present method of collection appears to be very satisfactory 
and is a deeded improvement over the old unorganized system. The 
total amoimt of garbage collected shows a material increase, which in- 
dicates more complete and efficient collection. Another important im- 
provement brought about is the absence of objection arising from the 
appearance and odors of the collecting wagons. In the new system the 
garbage is kept at all times enclosed from the air and hidden from view. 
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Method of Disposal. 

All garbage collected within the city is disposed of by incineration 
at a municipaliy owned and operated plant. 

Description of Plant. The crematory is located directly south of 
the dty at a distance of two niiies from the central portion, 3/4 of a 
mile from the built up portion, and 1/4 mile from the southern corpora- 
tion limits. The land upon which the crematory is located and wliic'.i 
is owned by the city, has an area of 9-1/2 acres, and lies between the 
extension of South Market Street and Kimishillen Creek. It is jointly 
occupied by the sewage purification works and the garbage crematory: 
The surrounding country is but sparsely settled and only a few I'.ouses 
are within a radius of 1000 feet. 

The crematory is housed by a substantially buih brick structure. 
The building has two stories, the lower one of which is occupied by the 
furnace proper, and the upper story of which is the charging floor. The 
building is 23 feet wide by 60 feet in length. A roadway leads irom 
South Market Street to the upper story, where the wagons are emptied. 

The destnictor is of the Dixon type, built by the Dixon Engineering 
and Construction Company, of Toledo. The furnace consists ot an 
arched steel shell lined with nre brick, has a total length of 60 feet, and 
is divided into two cells, each 26-1/2 feet in length, between which 
a combustion chamber or so-called consuming furnace is located; Eacfi 
cell is divided into two portion-^, namely, a furnace for the combustion 
of auxiliary fuel, and a chamber for the destruction of garbage and 
refuse. The fuel furnace, which is located at the end of the cell farthest 
removed from the stack flue, consists of two fire boxes, one about i 
foot 8 inches, and the other about 5 feet 4 inches above the bottom of 
the furnace. These fire boxes are each 3 feet 8 inches by 5 feet, and 
have grate area.*; of 18.3 square feet each. The chamber for the de- 
struction of garbage and refuse extends from the fuel furnace to the 
stench consuming furnace, which separates the two cells. This chamber 
is 21 feet in length, 6 feet in width and 9 feet in height from the floor 
to the top of of the a-rch of the furnace. The garbage is introduced 
through three circular holes placed in the top of each cell. 

Two of these holes are 30 inches in diameter, while one has a 
diameter of 36 inches, designed for the introduction of large animal?, 
etc., into the furnace. Arched fire clay bars are placed within the gar- 
bage cell at a height of about 4 feet above the floor. The garbage 
introduced into the cliamber rests upon these grate bars and is con- 
sumed by flames from the auxiliary fuel furnace which pass both above 
and below the garbage on their way to the stack. Between the clay grate 
bars are openings of 5 inches, which permit a con;-iderable part of the 
garbage to fall through to the floor of the furnace, where it is sub- 
sequently consumed. To provide means for stoking and the removal of 
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ash, doors are located along the front of the furnace in lines just above 
the clay grate bars and just above the floor. 

At the end of each cell farthest removed from the auxiliary fuel 
furnace and opening leads into the stench consuming furnace, where 
hot fires may be maintained to completely consume the gases should 
incomplete combustion have taken place in the furnace proper. The 
openings are provided with dampers, by which the force of the draft 
may be regulated. From the stench consuming furnace the gas is passed 
through a breeching 36 inches in diameter which leads to a' stack having 
internal dimensions of 3 feet by 3 feet, and a height of 83 feet. 

Method of Operation. Immediately upon the arrival of the wagons 
at the furnace the garbage is dumped from the cans directly into the 
garbage cell. This operation requires a period of about 20 minutes foe 
each wagon, during which time the charging hole must be left open 
and consequently a large loss of heat takes place. No facilities for the 
storage of garbage are provided for. 

• The hours of operation at the plant are from 6:30 a. m. to 5:30 
p. m. during six days of each week. The fires are banked each night, 
and of course the furnace cools to a large extent before firing is resumed 
on the following morning. One of the cells is operated in this fashion, 
receiving all the garbage for a period of one week, at the end of which 
time it is thoroughly cleaned of the residual asJies and allowed to remain 
idle during the following week while the other cell is in operation. This 
gives opportunity for repairs which may be required. 

With this method of operation it is necessary to start the firing with 
a cold furnace on but one day each week, although the tem|jerature of 
the furnace is at a low point when the fires are started each morning. 
It is the customary practice to partially fill the garbage cell before start- 
ing the fires in the auxiliary fuel furnace. Needless to say this results 
in the creation of objectionable odors for a number of liours until high 
temperatures are attained in the garbage cell. 

While the furnace is in operation, especially at the beginning of 
the firing when the temperatures are low, the odors in the vicinity of 
the plant are noticeable. The degree to which these odors are objec'ion- 
able is also dependent upon atmospheric conditions. The city authorities 
state that no serious complaints have been made against odo7s arising 
from the plant, but this is probably due to the fact that the location 
of the plant is well removed from dwellings and does not indicate the 
absence of odors. 

The ash produced in the furnace by the combustion of the garbage 
is usually of a dark gray color and appears to be incompletely burned. 
The presence of small pieces of unturned garbage throughout the ash 
also indicates the incompleteness of combustion. The production of this 
incompletely burned ash is largely dependent upon the work of the oper- 
ator and is not an inherent fault of the furnace. The ash is disposed ot 
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ty dumping upon low ground near the plant. No distinct odor arises 
from the ash excq>ting immediately after its removal from the furnace, 
when portions of the unburned ma.tenal are still in the process of burn- 
ing. 

Da.ta on the operation of the plant are contained in the results of 
furnace tests, which are presented in an appendix to this report. 

Character and Quantity of Refuse Disposed of. In general the 
refuse received at the plant may be described as kitchen garbage. Very 
small amounts of mWiish are received, but almost daily one or two loads 
of commission house wastes are delivered at the plant. Occasionally 
dead animals are burned, but this is not frequent 

The garbage of Canton as delivered at the plant has been observed 
on two occasions, namely, in July 1909, and in February 1910. At tlie 
time of both of these observations the old system of collection by 
licensed collectors was in jiracticp, nnd undoubtedly had some effect on 
the appearance of the garbage. The appearance of the summer gar- 
bage as observed in July 1909, may be described as rather wet vegetable 
wastes, containing considerable rubbish and consisting largely of fresh 
green vegetable wastes and melon rinds. The appearance of the winter 
garbage may be described as being rather wet. containing a medium 
quantity of rubbish and consisting largely of vegeta.b!e and fruit peelings. 
In general, it may be stated that the Canton garbage apptars to be some- 
what wetter than the average for other Ohio cities, and to contain a 
somewhat larger percentage of rubbish. 

Previous to March 1910, no records were kept at the plant of the 
quantity of garbage treated, and only figures representing a rougU ap- 
proximation can be given. Since March 1910. accurate records have 
been kept and based upon these reports it appears that during the year 
1910 an average of about 8 cubic yards of garbage were consumed each 
working day during the year. During the winter season, from November 
to .^prjl, the quantity varied from 5 to 8 cubic yards per day. while 
the summer season, from May to October, 10 to 15 cubic yards of gar- 
bage were burned daily. Under the new system of collection the indi- 
cations are that the quantity of garbage treated will increase and that 
an average of 15 cubic yards will be leceived during the winter months 
and 20 to 25 cubic yards during the summer months. No record of the 
coal consumption required for burning the garbage has been kept. 

In table No. 67 is a record of the quantity of garbage received 
from March to December, 1910. 
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TAULE NO. 67. 

QUANTITY OF GARIiAGE COLLECTKD. 
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It will be noted in the above table that beginning with .Angiist. the 
quantity of garbage collected was very much in excess of that collected 
during the preceding months. This is probably accounted for by the 
introduction of the new and more efficient system of collection. 

Cost Data. 
The original cost of the incinerating plant was $20,277.93. All 
additional costs since the first installation have been charged to opera- 
tion and maintenance, and the cost to date, which represents an amount 
in excess of the original cost, cannot be accurately given. The cost of 
repairs on the plant have been due almost entirely to the necessity of 
replacing the fire clay garbage grates and repairing of the fire brick 
lining of the furnace. No extensive rei>airs have ever been found nec- 
essary, but the repair of the garbage grates necessitates a constant ex- 
penditure for the upkeep of the plant. Tables Nos. 68 and 69 give the 
cost of maintenance and operation, and the unit cost of same, compiled 
from figures furnished by the department of public service. 
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TABLE NO. 68. " 

COST OF MAINTENANCE AND OPERATION. 
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LfNIT COSTS OF MAINTENANCE ; 
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Note; — Average weight 1200 lbs. per cubic yard. 



RUBUISH AND ASHES. 

HouseJiold rubbish, ashes, etc., are collected and removed by mis- 
cellaneous scavengers. The removal of this class of refuse is performed 
in an unor^ganized and haphazard way and receives no attentiori from 
the city departments. All refuse is disposed of by dumping and none 
is delivered at the garbage incinerating plant. 

Very irregular schedules of collection are maintained and the city 
is imperfectly covered bj' the wagon routes Several of the dumps visited 
presented a very disorderly appearance and indicate that extreme lack 
of care is exercised in properly dumping the material. The city, it may 
be noted, maintains no caretakers for the care of dumps. 
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STREET CLEANING. 

Canton maintains a well equipped and very efficient street cleaning 
fiepartment. Its development is of a high order for a city of 50,000 
population, and its work adds mnch to the favorable appearance of the 
city. 

Previous to 1880 the city maintained no department for the care 
of its streets. In 1880, the first paved street in the city was constructed 
and this marked the first movement in the establishment of a street 
cleaning department. No efficient organization was made, however, 
prior to 1886. In this year the organization was greatly imiproved and 
more efficient work accomplished. Throughout this early history of the 
street cleaning department the city did not own any equipment for the 
purpose. All teams used for removal of street cleanings were hired by 
the day and various other street work, such as grading, etc., was per- 
. formed by contract. 

The city did not undertake an efficient organization of a street 
cleaning department until 1906, during which year extensive improve- 
ments were made. These improvements included the purchase of a. 
property for the location of stables and wagon yard, the purchase of 
teams and wagons, and various other minor equipment. 

Present Methods of Street Cleaning. The street cleaning depart- 
ment, a branch of the public service department, is under the direct 
supervision of a street superintendent. One clerk is employed, but no 
foremen or inspectors are used. During the summer season, when the 
department is most actively engaged, 40 to 45 laborers and teamsters 
are employed in the department. These employees are hired directly 
by the superintendent, no consideration being given to political tenden- 
cies. 

The street cleaning department is apparently well organized and 
disciplined and its superintendent appears to give his closest attention 
to the work. The work of the department is- somewhat interfered with 
owing to lack of sufficient funds to carry out the work as completely as 
desirable. The duties of the department include the grading of streets, 
reijair of pavements, etc., besides the actual street cleaning. 

The total length of paved streets, which also represents the length of 
streets cleaned, is 27 to 30 miles. All pavements are constructed of 
vitrified brick. Within the city there are also 125 miles of unpaved 
streets, which are given some attention by the street department. Those 
streets, however, are cleaned very irregularly. 

The equipment of the street department includes 14 horses; 3 
street flushers of the Cleveland type; 7 dirt wagons; 2 sanitary carts for 
cleaning catch ba.sins ; and various other minor equipment. 

The principal methods of street cleaning employed are flushing and 
hand cleaning. Machine sweeping is not used, having been entirely sup- 



Uq.i.ze.b.'C^OO'^IC 



STATE BOARD OF HEALTH, 141 

planted by the more modern and sanitary methods. During the greater 
portion of the year the principal paved streets of the city are flushed 
weekly, while in the main portion the streets are hand broomed daily. 

During the winter months the street cleaning department is prac- 
tically at a standstill. No attempt at snow removal is made. A snow 
plow, however, is operated by the department for the cleaning of the 
sidewalks. 

The street cleanings ai-e disposed of on dumps located within the 
city in the valleys of the east and west branches of Nimishillen Creek, 
During certain portions of the year, especially in the spring, the clean- 
ings are used by citizens on gardens and lawns as fertilizer. 

No recent appraisement of the property owned by the street depart- 
ment has been made. It is thought, however, that the fixed plant, 
including the stables, etc., are valued at about $6,000, while the move- 
able plant, including the horses, flushers, wagons and minor equipment 
are valued at about $7,000, The operation costs are controlled by the 
amount of the appropriations and have never exceeded $12,000. This 
appropriation is inadequate for the requirements of the department and 
does not permit of as extensive woric as is desirable, 

CATCH BASIN CLEANING. 

Until the improvements were made in 1906, catch basin cleaning 
was not an important work of the street cleaning department. With the 
use of flushing machines, however, the necessity of regular cleaning of 
ca.tch basins became evident, and it was therefore necessary to equip the 
department for this purpose. The activity of the department in this 
work is r^ulated by the operation of the flushing machines and during 
the winter months catch basin cleaning requires little or no attention. 

The equipment of the department for this purpose consists of two 
so-called sanitary carts for the removal of the cleanings. These carts 
are constructed of riveted sheet steel plates and have a semi -cylindrical 
secticMi ; their capacity is about one yard each. 

In cleaning catch basins two carts, one driver and two laborers are 
required, the driver being engaged continuously in removing and empty- 
ing the carts. The waste material is disposed of by dumping in the same 
manner as street cleanings. 

No data giving the quantity of material removed, number of each 
basins cleaned or costs are available. 
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MAN'S FIELD. 



The city of Mansfield is located in the central portion of Richland 
County at the headwaters of Rocky Fork, a branch of the Mohican 
l^iver. The area of the corporation is about five square miles, and its 
population according to the 1910 Federal census is 20,678. The city 
is at present undergoing a ratber slow growth as is shown by a study of 
the following table, which gives the census reports for all available 
years : 

Percentage. 
Yfar. Papulation. Increase, 

1850 3,553 

1860 4,581 29.0 

1870 ,.. 8,029 75.3 

1880 9,580 19.4 

1890 13,473 40.5 

101)0 17,640 30.9 

1910 20,768 12,1 

Mansfield is a thriving manufacturing center, its industries being 
largely devoted to iron and steel manufacturing. The city is provided 
with a number of municipal improvements, including a public water 
supply, installed in 1870; sewerage and a sewage purification plant built 
in 1902; and a municipal garbage crematory, which is operated in con- 
junction with the sewage pumping station. 



Previous to 1901, the collection of garbage, as well as of other 
wa.stes, received very little attention from the city authorities. In 1901, 
at the time of the building of the garbage crematory, an attempt was 
made to institute an improved system of collection, and a contract was 
entered into between the city and a private collection company for gather- 
ing of garbage. By the terms of this contract the householder was put 
to no expense, all of which was borne by the municipality. The waste 
was disposed of largely by feeding to hogs and but a small quantity 
was delivered to the crematory. After this system of collection had been 
used for several years it became unsatisfactory to the needs of the city, 
owing largely to negligence on the part of the collecting company, but no 
improvement was made until 1908. In this year a company was organ- 
ized under the name of the Sanitary Garbage Company, and under a 
bond of ^3000 secured a three-year contract from the city for the col- 
lection of garl>age. This company began to operate under its contract 
on June i, 1908. Weekly collections are made in the residential por- 
tion of the city and the householder pays for the removal of garbage 
at the rate of 10 cents per can. 



Uq.i.ze^b.'C^OO'^IC 



STATE BOARD OF HEALTH. 148 

The equipment of the ccwii[>any consists of two wagons, four horses 
and alxiut 2000 cans. The wagons are rather lightly constructed, built 
with two floors or platforms, each of which is of such size as to accom- 
mtxlate 30 cans. The total capacity of each is therefore three cubic 
yards. .\11 cans are owned by the company and suj^lied to the house- 
holders as receptacles for the garbage. In removing the waste the full 
can is placed upon the wagon and a clean, disinfected one left in its 
stead. All garbage collected by the Sanitary Cjarbage Company is de- 
livered to the garbage crematory. .After emptying, the cans are washed 
and disinfected before being again placed in use. 

The present collection system, while it cannot be considered to offer 
a permanent solution of the problem of garbage removal, at present 
appears to be very satisfactory for the requirements of the city. The 
wagons present a cleanly appearance and the cans being closed tightly, 
small objection is caused from odors. The company does not cover 
the city cmnpletely and those districts which are not served by the so- 
called can system must depend upon independent scavengers for the 
removal of garbage. A few of these scavengers still continue in busi- 
■ness and deliver the material to the crematory. 

Method of Disposal. 

Description of Plant. The garbage crematory at Mansfield is lo- 
cated east of the city about 500 feet outside the corporation line. The 
land upon which the crematory is located is owned by the city and has 
an area of 16 acres. It lies between the Pennsylvania Railroad and the 
Rocky Fork of the Mohican River south of the Wboster Road, and is 
jointly occupied by the sewage purification works and pumping station 
and the garbage crematory. The surrounding country is but sparsely 
iniilt up within a radius of 1/4 of a mile. The edge of the thickly built 
lip portion of the city lies about 1/2 mile to the westward, and there 
is a small suburban settlement at about the same distance east of the 
crematory. 

The garbage crematory and sewage pumping station are housed in 
a neat appearing brick building. That portioi occupied by the sewage 
pumps is 28 by 38 feet in plan, and the main portion of the building 
which houses the boilers and the garbage crematory is 33 by 48 feet in 
plan. This portion of the building has an upper story which is used as 
the charging floor of the crematory, and which is reached by means of 
an inclined roadway. A coal bin for the storage of fuel is also pro- 
vided, into which the cars may be dumped directly from the track. 

The destructor is of the old Dixon type, built by the Dixon Gar- 
bage Crematory Company (now the Dixon Engineering and Construction 
■Company) of Toledo. Its nominal capacity is 15 tons per 24 hours. 
The furnace is constructed with an arched steel shell lined with fire 
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brick, and has outside dimensions of 21 feet in length, 7-1/2 feet in 
width, and 10 feet in heigh:. The furnace consists of a single cell 
which is made up of three parts, namety, a furnace for the com- 
bustion of auxiliary fuel ; a chamber for the destruction of garbage and 
refu^; and a so-called *tench consuming ftimace. The fuel furnace 
is located at one end of the cell; the stench consuming furnace at the 
opposite end ; and the space between is occupied by the garbage chamber. 
According to the design of the furnace, the fuel furnace was to have 
consisted of two fire boxes, twie placed above the other in such a way 
that the gases from one would pass above, and from the other below 
the garbage to be burned. Modifications in the design, however, pro- 
vided for Ihe use of the lower fire box only. In the original design the 
gases from the fuel fires were to have been conducted throtigh the gar- 
bage combustion chamber and the stench consuming furnace, passing 
directly to the stack flue to be placed at this end of the furnace. The 
construction of the furnace as built, however, provides for a reversal of 
the draft within the garbage cell. The gases from the lower fuel fire 
pais along the lower portion of the furnace to the opposite end and ris- 
ing return along the upper portion through the upper fire box to the 
stack flue, which leaves the furnace at this point. Before reaching the 
flue the gases pass through a checkerwork of firebrick, which serves to 
effect a more thorough mixing and better combustion of the gases. No 
damper for the control of the draft is provided. 

The chamber for the destruction of garbage and refuse has internal 
dimensions of 12.5 feet in length, 6 feet in width, and 9 feet in height, 
from the floor to the crown of the furnace. Two rectangular openings 
are placed in the top of the cell for the introduction of garbage and 
refuse. Within the cell arched fire clay grate bars are placed at a height 
of about 4 feet above the floor. Openings of 5 inches between these 
grate bars allow a portion of the garbage to fall below, but the greater 
percentage is retained resting upon the grate bars. To provide means 
for stoking of the garbage and removal of ash, doors are located aloi^ 
the front of the furnace in rows just above the clay grate bars and just 
above the floors. 

The path of Ihe gases from the auxiliary fuel fire through the gar- 
bage cell is controlled by the point of application of the garbage to be 
burned. It is the custom to keep the garbage grates near the fuel fire 
well covered with garbage and thus force the gases from the fire to 
pass to the opposite end of the furnace in order to reach the upper 
portion and pass into the stack flue. This method of operation has the 
decided advantage of requiring but a small amount of stoking. 

When the furnace was originally built, the products of combustion 
were conducted into the back-pass of the boilers and used to supply 
heat for the generation of steam. It was thought by this means that 
a large amount of the waste heat from the furnace might be utilized. 
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It was found, however, that the tubes of the boilers became coated with 
a hard carbonaceous deposit which was very difficult to remove, and 
accordingly the connection with the back-pass was abandoned. The 
gases now enter the stack flue leading from the boilers at a point near 
the base of the stack. The stack which serves to supply a draft for 
both the furnace and the boilers, is wdl constructed and has a height 
of 80 feet and an internal diameter of 5 feet. 

Method of Operation. The garbage crematory is operated durii^ 
the greater portion of each day, but remains idle during the night unless 
an unusually heavy cdlection requires night operation. Two men are 
on duty during the day and one at ni|^t to attend to the operation of 
the sewage piunps, and the garbage crematory may therefore be oper- 
ated at all times. 

The garbage is placed within the cell immediately upon the arrival 
of the wagon, no facilities for storage being provided. The emptying 
of one wagon load requires a period of from 20 to 30 minutes, during 
which time the charging hole of the furnace roust be left open. A large 
loss of heat occurs as a result of this operation In dumpii^ the garbage 
it is the practice to keep that portion of the grate nearest the fire box 
well covered to prevent a short circuiting of the gases in their passage 
through Ihe cell. 

The firing of the fumacp is carefully attended to and owing to the 
fact that the boiler firemen also care for the operation of the crematory, 
proper firing is accomplished. The garbage is burned at a, high tem- 
perature, maintained betwen 1200 and 1300 degrees nearly all of the 
time. The introduction of garbage lowers the temperature for a short 
time, but the heat is quickly regained after the dumping operation is 
convicted. No odors are complained of in the vicinity, and it is reason- 
able to suppose that no serious odors are created by the operatiori of the 
plant. 

The ash produced by the burning of the garbage is of a dark gray 
color, very finely divided, and free from objectionable odor. The ash is 
removed from the furnace each day and disposed of by dumping on low 
land near the plant. 

Character and Quantity of Refuse Destroyed. 

The only class of refuse received at the plant for destruction is 
kitchen garbage obtained almnst entirely from residences. Xo rubbish, 
and 'but few dead anitnais, are received. 

The garbage ilelivereil at the plant has been observed on but one 
occasion, namely, in November 1909. At that time the garbage was 
rather wet and diriy. its principal constituents being potato parings and 
fruit peelings. The garbage is entirely of household origin, none being 
collected from Inotels, restaurants, etc. 

10 s. B. or 11. { - I 
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Previous to June i, 190S, when the Sanitary Garbage Company began 
<^>erations, 00 records as to the quantities of garbage collected were 
kept. Since that time records have been maintained by the company, 
showing in a general way the quantity of waste collected. The records 
are, however, in rather poor form and it is not thought that they are 
complete or accurate. From them the following figures were taken to 
indicate the quantity of gariiage remo\ed. 



TABLE NO- TO. 

UMM.^RY OF G.\RB.\GE COLLECTED - 



Ci bic yards 

Cubic yards per c; 
Pounds per capita. 



* Estimated at Viitfl pounds per cubic yard. 

Cost Data. 

The original cost of the garbage crematory was $6,000. This in- 
cludes the furnace alone, and according to the designing engineer's 
estimate, the total cost of the plant, includii^ a proportionate cost for 
the building, flues, stack and other accessories used jointly by the sewage 
and garbage plants, was ?i2,ooo. No changes or additions in the con- 
struction of the furnace have been made since its installation. No record 
of the cost of repairs has been Itept, but it may be stated that the repairs 
have been neither costly nor extensive, and have been confined prin- 
cipally to the replacement of fire clay linings, grates, etc. 

The cost of operation and maintenance of the plant is included in 
the records for the combined sewage and garbage plants, and no at- 
tempt is made to keep even approximate figures for the cost of each. 
It is therefore impossible to give total or unit costs for maintenance 
and operation. 

DEAD AXI.MALS. 

At Mansfield the removal of the carcasses of dead animals has 
always been carried on by private enterprise. The greater number of 
the larger animals are disposed of by rendering, but a few of them are 
received at the garbage crematory where they are burned with the gar- 
l»age. The city maintains no equipment for the removal of either the 
larger or small animals, and the latter are disposed of eitlier by burial 
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■within the city or by removal with the garbage, Ahhough there is no 
organization in the work of removing dead animals, but tittle com- 
plaint has arisen owing principally to the small number requiring re- 
moval. 

Rl-BnISn AND ASHES. 

The city has never undertaken the collection and disposal of this 
class of waste piaterial and the work has always been in the hands of 
independent scavengers. There is no organization in the work and 
-neirfier is the city entirely covered by the collection wagons nor are 
those districts served given efficient attention. The expense of removal 
Ijetng entirely upon the householder tends to prevent complete coliection 
"of the waste material. 

Rubbish .and ashes are disposed of by dumping at points wel! 
removed from the built up portions of the city. The dumps, however, 
receive Httie attention or super\-ision and are objectionable in their 
immediate vicinity. 
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MARION. 



The city of Marion is located in the central portion of the state 
upon the drainage area of the Scioto River. It covers an area of about 
seven square miles. The topography of the city and surrounding country 
is rather flat. The present population according to the igio Federal 
census is 18,232, and by consulting the following table it will be seen 
that the city has for the past twenty years enjoyed a flourishing growth. 
Recent census reports are as follows: 

Percentage. 
Year. Population. Increase. 

1890 8,327 

1900 1 1 ,862 1-2.4 

1910 18,23-2 53.7 

Marion is gro\ving to be an important manufacturing center ami 
contains a large number of industries, the principal of which are en- 
gaged in the manufacture of steam shovels. The city is provided with 
a number of municipal improvements, including a privately owned water 
supply; a complete system of sewers; a sewage purification plant; a 
municipal garbage crematory; and a number of miles of paved streets. 
The city maintains no department for wastes collection, but there is a 
fairly well equipped street cleaning department. 

G.^RUACE. 

Previous to 1906, Marion had no efficient system of garbage col- 
lection. The collection was made by independent scavengers and, as is 
the usual result, this system of collection became veiy unsatisfactory as 
the city grew. The garbage was disposed of by dumping either upon a 
6-acre tract of land east of the corporation limits owned by t!ie city 
or into an abandoned stone quarrj' within the city. 

In, 1904 plans were made for the construction of a garbage crema- 
tory to be built in connection with sewage purification works. The 
improvement was made in 1905 and placed in operation in October ot 
that year. Following the installation of the crematory an improvement 
in the collection system was brought about by the establishment of a 
private collecting company. This company has since its formation, 
operated without a contract or a franchise from the city. The com- 
pany furnishes a 12-gallon can weekly to each customer and remove? 
the garbage at a cost of 10 cents per can, paid by the householder The 
svstcm is similar to that in practice at Mansfield, hut is not so efficiently 
managed. The collecting company now attends to the removal of ahiio.^t 
all of the garbage produced within the city, but owing to the fact tliat 
the cost of removal rests entirely upon the householder, the 'collection 
is not complete. A few independent scavengers remove a small portion 
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of the garbage, but their work is mainly confined to the removal of 
rubbish. 

Method of Disposal 
AH garbage collected by the cc^lecting company and independent 
scavengers is hauled to the municipal crematory and burned at city 
expense. Offal from slaughter houses, dead animals and,' until re- 
cently night soil, are also disposed of in this manner, although for these 
classes of waste the city charges a fee for their disposal. 

Description of Plant. The crematory, which is operated jointly 
with the sewage purification works, is located 3/4 of a mile west of the 
edge of the built up portion of the city, and about two miles from the 
business portion. The plant was constructed in 1905, and placed in 
operation in October of that year. The building housing the plant is 
immediately north of the sewage purification works, its south wall being 
built directly over the north wall of the grit chamber. The building is 
a one-story brick structure with a basement, in which is placed the 
furnace proper. 

The crematory is of the Walker type, patented by Mr. R. S. Walker. 
The furnace is constructed of common brick lined with fire brick and 
entirely enclosed in a shell of cast iron plates bolted together. It is 
20 by 20 feet in plan, and at the center is a circular brick stack 4 feet 
in diameter. 

The southerly half of the furnace is semi-circular in plan built 
about the stack at the center, while the northerly half is reclangular. 
Across the northerly end of the furnace are two fire-boxes and between 
them a cell designed for the burning of animals and miscellaneous 
refuse. The annular space between tlie stack and the outer wall of the 
furnace in the southerly portion is 5 feet in width. An evaporating 
floor of cast iron plates is placed in this space, 5 feet 4 inches below 
the crown of the furnace and 2 feet 6 inches above the bottom. The 
space above the evaporating floor is used for the drying and burning 
of garbage, etc., while the space below conducts the gases to the stack, 
acting as a dust arrester. Every fourth or fifth plate in the evaporating 
floor was designed to be revolved for the purpose of removing ashes to 
the space below. This practice has, however, been found impracticable 
and is not employed. Doors giving access to the spaces above and 
below the evaporating floor are provided. 

Dampers are so arranged that the draft may be conducted in either 
direction through the cell. The gases pass from the firebox, supplying the 
heat for combustion over the evaporating floor upon which the material 
is placed, around the stack, and, reversing their direction, through a 
damper opening.into the space below the evaporating floor, from which 
they enter the stack through an opening in its southerly wall. In case 
it becomes necessary to heat the products of combustion in order to 
deodorize them before they enter the stack, the second lirebox is used. 
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The furnace is designed for the use of either coal or gas as a fuel- 
Natural gas, costing 15 cents per 1000 cubic feet, has been used since 
the installation of the plant and is giving satisfactory results. 

Method of Operation. The furnace is operated intermittently, being^ 
used each day during the working hours of the plant, from 6:30 a. m. 
to 5 :^o p. m. Night operation is never employed. 

The refuse is placed within the. cell immediately upon its arrival. 
The regularity of operation is therefore entirely dependent upon the 
regularity of arrival of the collection wagons. The furnace is fired with 
natual gas and therefore constant conditions of firing are attained, 
independent of the attention given by the operator. The principal labor 
attending the operation of the plant is the stoking, which must be fre- 
quently done in order to accomplish destruction of the material. Ac- 
cording to the design of the furnace, the evaporating floor is provided 
only for the drying of the material, the lire boxes being provided for its- 
ultimate destruction. This method of operation is not followed, how- 
ever, and both drying and burning take place on the evaporating floor. 
It is apparent, therefore, that the stoking is an important feature of the 
operation, and without frequent stoking it is impossible to bring the air 
necessary for combustion in contact with the material. 

The direction of the draft through the furnace is alternated ac- 
cording to the judgment of the operator in order to accomplish de- 
struction of the material on both sides of the cell. The temperatures 
attained within the cell are not great, and the destruction of the ma- 
terial takes place rather slowly. The slow action of the furnace is also 
to a large extent accounted for by the class of material burned, which 
until recently has consisted largely of night soil. 

Ashes are removed directly from the evaporating fioor almost daily, 
the frequency of removal depending upon the degree to which the ashes 
appear to have been consumed. The asli from the garbage is of a dark 
grayish color and is usually well burned. That from the night soil is 
a light gray ixjwder, very slightly palpable and without odor. The ashes 
are disposed of by dumping near the plant and are removed to some 
extent by nearby farmers for use as fertilizing material. 

Character and Quantity of Refuse Destroyed. 
The refuse received at the plant is composed of five classes, namely, 
garbage, mixed garbage and rubbish, night soil, slaughter house offal, 
and dead animals. No charge is made by the city for the destruction of 
garbage and rubbish, but the following schedule of fees has been adopted 
for the destruction of other classes of wastes: 

Night soil 25 cents per barrel (50 gals.) 

Offal 25 cents per barrel (50 gals.) 

Horses and cattle fi^.OO each 

Small animals (i.r,i) each 
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The garbage is largely of household origin, although a portion is 
collected from restaurants, hotels, etc. It usually contains only a small 
amount of rubbish and in general has a rather good appearance. The 
garbage, mixed garbage and refuse, and slaughter house oflfal constitute 
the smaller percentage of the total refuse received, the larger percentage 
being made up of night soil. The destruction of this class of wastes 
forms the principal burden which is placed upon the plant. 

Previous to the installation of the crematory, no records were kept 
of the quantity of material collected. Since that time, however, owing 
principally to the maintenance of a fee system, accurate records have been 
kept at the plant. 

In table No. 71 are given monthly records of the quantities of 
garbage and night soil received for incineration during 1908, 1909 and 
1910. It will be noted that the unit quantities of garbage are very much 
smaller than those in the larger cities of the state, indicating the incom- 
pleteness of removal of the garbage from the city. 

TABLE NO. 71. 

OUANTITIES OF CARCAGE COLLECTED. 
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.0033 1 3.9 18.3 23.1 
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In table No. 72 art 
classes of waste material 



given summaries of the quantities of various 
i received during the years from 1906 to 1910. 
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TABLE NO. 72. 

SUMMARY OF QUANTITIES OF VARIOUS WASTES RECEIVED. 
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* Eight months. 

Note ; Tonnage estimated as follows : 

Garbage ! ,200 pounds per cubic yard 

Night soil 1,700 pounds per cubic yard 

Horses .' 1 , 400 pounds each 

Cattle 1.200 pounds each 

Small animals 50 pounds each 

Cost Data. 

The original cost of the incinerating plant was $15,000, and this 
figure represents practically the cost to date. The furnace has been main- 
tained in good repair at small expense, and no changes have been nec- 
essary to secure proper operation. 

The cost of maintenance and operation with unit costs of the same 
are presented in the following tables. The figures are cotnpiled from 
data furnished by the local officials. 

TABLE KO. 73. 

COST OF OPERATION AND MAINTENANCE. 
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TABLE NO. 74. 

UNIT COSTS OF OPER.\TION AND MAINTENANCE. 
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TABLE NO. 75. 

NET COSTS OF OPERATION AND MAINTENANCF,. 
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In table No. 73 the total costs itemized under three headings are 
given, and in table No. 74 these costs are given on the unit basis. It 
will be noted that the fue! cost which was excessive during 1906 was 
greatly reduced during the succeeding years. A revenue is derived from 
burning certain classes of wastes and from the sale of hides removed 
from dead animals. Deducting these receipts the net costs are presented 
in table No. 75. 

RUTiBISH AND ASHES. 

The city of Marion has never undertaken the collection of rubbish 
and ashes, and the performance of this work is incomplete and un- 
■organized. 

Independent scavengers attend to the removal of this class of city 
wastes and dispose of it by dumping at various points at the outskirts 
■of the city. None of the rubbish is delivered at the garbage plant. The 
dumping grounds are given no attention and their condition is dependent 
upon the care in dumping exercised by the scavengers. 
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STREET CLEANING. 



The cleaning of streets is accomplished by two methods, nannely, by 
sprinkling and sweeping, and by "white wings," using hand brooms and 
scrapers. 

The city maintains a fairly well equipped department for this pur- 
pose and the streets are kept in very good condition. The usual objec- 
tion due to dust nuisance, however, results from the methods of clean- 
ing, and thus far no attempt has been made to use the improved flushing- 
system. The cleanings are removed in wagons owned by the city and 
disposed of by dumping upon the various rubbish dumps. None of this' 
class of material is received at the in<:inerating plant. 

NIGHT SOIL. 

The removal of this class of waste is well organized and appears 
to be satisfactorily accomplished. Several licensed collectors are engaged' 
in the work, and all of the material is disposed of under city regulation. 
Until recently it has been burned at the garbage crematory at the expense 
of the collector. 

Suitable watertight wagons which keep the waste material enclosed 
from the air are used and removal is permitted during the day. No 
complaints from nuisance have lieen registered. 
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STEU RENVILLE. 



The city of Steubenville is located in the extreme eastern portion' 
of Jefferson County on the Ohio River, which flows in a genera] south- 
erly direction, forming the eastern corporation line of the city. 

The area of the corporation is three square miles, the city covering 
a narrovi' strip of land between the river and the hilly portion of the 
country lying immediately west. The topc^raphy within the city is rather 
flat, but in all directions the surrounding country is very hilly. The 
population of Steubenville, according to the 1910 Federal census, 
is 22,391, The growth in population since 1890 is shown in the accom- 
panying table. It will be seen that the growth during the decade 1900- 
. to 1910 has been very marked, and this has resulted almost entirely from 
the development. of large manufacturing industries. 

Percentage. 
Year. Population. Increase, 

18i)0 ]3.3!)4 

1900 14.349 7.1 

1910 22,391 56.0 

Steubenville is now an important manufacturing city and has large 
industries devoted to iron, steel and clay manufacturing. 

In municipal improvements the city has nrade considerable advance- 
ment. It has a public water supply obtained from the Ohio River and 
furnished without purification; a fairly complete system of sewers; fif- 
teen miles of paved streets; and other minor improvements. 

The city owns and operates a crematory for the disposal of garbage 
and dead animals, hut collections are made by a contractor. There is no 
municipal department for the collection of rubbish and ashes, which is- 
carried on independently. The city maintains a street cleaning depart- 
ment, which is operated under the public service department. 



Previous to 1907, the problem of collection and disposal of garbage 
was given but little attention by the city authorities. The collections 
were made by miscellaneous .scavengers and the material was disposed 
of by dumping or feeding to swine. A large portion of the garbage was- 
improperly disposed of by dumping along the banks of the Ohio River, 
and serious nuisances resulted, which caused frequent complaints on the 
part of the citizens. Tlie unorganized system of collection and improper 
method of disposal became entirely unsatisfactory for the needs of the 
groiying city, and it became necessary to place the work on a more sub- 
stantial basis. 

During the year 1907, the city erected a garbage incinerator for the- 
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disposal of all classes of wastes. At this time an improvement was also 
brought about in the collection system. The city* purchased two collection 
wagons, but did not attempt the or^nization of a municipal collec- 
tion department. Instead, a contract for the collection of garbage was 
awarded to an independent scavenger, who has carried on the work 
since 1907. 

By the terms of the contract the city supplies the collection wagons, 
the contractor supplying all other equipment and labor necessary for the 
work. The contractor also pays the city $150 per year, and is permitted 
to charge 10 cents to the householder for the removal of each can of 
garbage. For final disposal the city makes the following charges to the 
collector : 

Garbage 10 cents per load 

Large animals $2.00 each 

.Night soil 4.00 per load 

Other miscellaneous scavengers operating without license or con- 
tract with the city are charged double the above fees. 

The equipment owned by the city for the collection of garbage and 
its disposal consists of two collection wagons and a crematory. The 
collection wagons are of the type manufactured by the United States 
Sanitary Company, of Washington, D. C, are of steel construction, and 
have capacities of 24 cubic yards each. The bodies are supported upon 
a bearing and may be revolved in dumping. 

Collection.^ are made by the contractor in all portions of the city at 
weekly intervals. The financial success of the work is dependent upon 
frequent and complete covering of the city, and this results in very effici- 
ent collection service. 

Method of Disposal. 

Description of Incineration Plant. The crematory is located on the 
west bank of the Ohio River, some 1,500 feet southeast of the central 
business portion of the city and about '/i mile north of the southern 
corporation line. The locality surrounding the plant is thickly built up 
and is given over partly to business and partly to residential purposes. 

The building housing the furnace is a substantially constructed brick 
structure, two stories in height and about 40 by 50 feet in plan. The 
lower or ground floor contains the furnace proper, while the upper story 
is used as a diunping floor and is reached by means of an inclined road- 
way. The furnace is of the type known as the Lewis and Kitchen incin- 
erator, and was built after plans of Frank P. Smith, of Chicago, con- 
sulting engineer. The plant was placed in operation in June, 1907. 

The installation consists of two cells, each 27 feet long, 6 feet wide 
and 10 feet high to the crown, inside dimensions. The cells are con- 
structed of brick, are lined with fire brick, and the entire furnace is en- 
closed by a shell of cast iron plates bolted tf^ether and stayed by means 
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of columns which also support the dumping floor above. The cells are 
placed side by side and are connected at one end by means of an arched 
opening 3 feet in width and 4 feet in height. At the other end each 
cell connects with the stack through flues provided with dampers placed 
in order that the draft might be drawn to the furnace in either direction. 
The furnace wa« designed in this way in order that while combustion 
was taking place in one of the cells the damper in the stack flue at the 
end of that cell might be closed and the draft be conducted through the 
arched opening to the other cell and hence to the stack. By this means 
the garbage could be dumped into each of the cells on alternate days and 
the heated products of combustion from the burning cell could be used 
to efi'ect a drying of the fresh garbage in the other ceil. This method of 
operation has never been successful, and it has been necessary to operate 
each cell independently with a direct draft to the stack. It should be 
noted that the latter method of operation introduces conditions which 
materially affect the action of the furnace. The arched opening between 
the cells permits large vohniies of cold air to enter the burning cell from 
the idle one, and this prevents the production of high temperatures. 

Four charging holes for the introduction of garbage, dead animals 
and rubbish are placed in the crown of each cell. When dumped through 
the charging hole the material rests on so-called primary grates, where 
drying and subsequent burning takes place. These grates, excepting 
those directly over the fire boxes, are made of arched fire clay blocks ■ 
with circular openings 8 inches in diameter, provided to permit the pas- 
sage of air through the grates, as well as to allow the stoking of garbage 
on to the evaporating and combustion floor beneath. The grates extend 
across the width of the furnace and are placed in sets of three each, those 
under the charging holes being placed at a distance of about 3 feet 4 
inches below the crown -of the furnace, while on either side, adjacent to 
the fireboxes, the grate bars are i foot 8 inches lower. 

The arrangement as shown by a longitudinal section of the cell 
represents a staggered line, the upper and lower grates alternating. When 
the furnace was originally built, the grates directly over the iireboxes 
were constructed of iron pipe and designed to be air-cooled by means 
of a flue connection to the stack. The use of these grates has been al»n- 
doned, however, as the air-cooling feature failed to prevent the burning 
out of the metal. 

Three fireboxes in each cell are provided for the combustion of 
auxiliary fuel. They are located at either end and at the middle of the 
cells. Each firebox has dimensions 3 by 6 feet, and a grate area of 18 
square feet. The grates are at a depth of 10 indies below the evaporat- 
ing and combustion floors, over which the products of combustion pass. 
These floors are constructed of perforated steel plates, and it is here 
that most of the garbage is burned. The perforations were designe<l to 
permit the passage of air from an air blast to he intro:luced in the space 
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^tow the floors. The installation at Steubenville has never been equip- 
ped with an air blast. The perforations were also expected to act as a 
.means of removing water from the garbage, and the space beneath is 
provided with a gutter for the drainage of the liquors into a sewer which 
■empties into the Ohio River. The draining result is not accomplished, 
Jiowever, as the perforations in the floor have become completely clogged 
with clinkers and ashes. 

Access for stoking the garbage on the primary grates and also upon 
the combustion floors beneath is provided by two rows of doors extend- 
ing along the sides of the cells. 

The gases from the furnace pass through a large underground rec- 
iangular flue into a circular stack loo feet high and 4 feet in diameter. 
At the base of the stack within the building is placed a furnace designed 
for raising the temperature of the gases from the furnace to a sufficiently 
high degree to avoid odors. This furnace is, however, never used. 

Method of Operation. The furnace is operated from 6:30 A. M. to 
5:30 P. iM. during six days each week. The cells are used independently, 
being alternated each day. By this procedure it is necessary to start 
with a cold furnace containing the garbage to be destroyed each morning. 
The refuse is dumped into the furnace immediately upon its arrival at 
ihe plant, no storage place being provided. The dumping of a wagon 
.load of garbage requires that the furnace remain open about fifteen 
jiiinutes. This creates no large heat loss, however, as the garbage is 
.always introduced into the idle cell and not burned out until the succeed- 
ing day. Rubbish is either dumped into the burning cell or stored upon 
the floor and added to the cell during the latter portion of the day. 

After the fires are lighted each day the heating of the cell takes place 
very slowly, and at no time throughout the day are high temperatures 
■attained. Needless to say, the gases leaving the stack are odor laden and 
■under certain atmospheric conditions, the odors manifest themselves in 
the central business portion of the city. 

The garbage resting upon the primary grates is dried and partially 
burned in that position, but its destruction is completed upon the evaporat- 
ing and combustion floor or directly upon the fuel fires. In the latter 
portion of the day's run the dried garbage is frequently stoked, being 
worked gradually toward the fuel fires, where it is finally consumed. 

The ash produiced by the furnace usually has the appearance of hav- 
ing been incompletely burned. It is of a brownish-gray color and often- 
times contains bits of unburned material. TJie odor of the ash is not 
especially objectionable, but can be detected. The material is disposed ■ 
■of by dumping along the bank of the Ohio River a short distance from 
the plant. 

Character and Quantity of Refuse Burned. 

The refuse received at the plant is principally kitchen garbage, 
ilixed garbage and rubbish from groceries, commission and jobbing 
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houses, etc., also constitutes a portion of the material, and occasionally 
dead animals are delivered at the plant. 

The garbage has been observed on but one occasion, at the time of 
the investigation herein described, September, 1909. At this time the 
.garbage was very wet, contained a comparatively large quantity of rub- 
bish, and its principal constituents were peelings and corn husks. In 
appearance it did not differ materially from the garbage of other Ohio 
cities. 

The rubbish received for disposal is principally from business houses 
and ver\' liftle household rubbish is disposed of in this manner. Dead 
horses and cattle are received regnlarly, although a number of these 
animals are also removed and disposed of by a private company engaged 
in the rendering business. 

In table Xo. 76 are given monthly records of the quantities of 
garbage collected during 1908, 1909 and 1910; and in table No. 77 arc 
yearly totals of wastes received at the plant. It will be noted that the 
increased efficiency of the collection service has resulted in a marked in- 
crease in the quantities for 1910 over those of the preceding years. Dur- 
ing the summer months it will be seen that the collections are at their 
maximum, as is generally observed where efficient work is done. 



TABLE NO, 76. 

QUANTITIES OF GARBAGE COLLECTED. 



January . . . , 
February . . . 

April .'.'.'.'.'. 

June ■;:;:: ' 

July 

September . 
October . . . 
N'ov ember . 
December . . 

Total 

Average . • - 



! .0071 ) 
: .0073 ! 
■ .0080 K 



'.0052 

i .0063 

; .0068 
.0101 , 
.0112 : 
,0101 : 

; .0(179 
' .0<174 



1181 741,0057 7,1 



9 .0113 
i .0167 
1 .0136 

.0157 
4.0167 

1 .0115 
1 .0122 
7 .0119 
9 .0113 



13.7 
14.2 
20.9 
17.0 
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TABLE XO- 77. 

TOTAL REFUSE RECEIVED AT PLANT. 

1908-lDlO. 
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786 
1.414 


v.'.'.'.'.'.'. 


1,889 


1,180 
3,122 


15 
30 






2,152- 







•Weight garbage, 1250 pounds per CAibic yard. 

Cost Data. 

The total cost of the equipment of the city for removal and disposal* 
of garbage was about $25,000, representing a present per capita cost 
of $1.12. 

The cost of operation and maintenance of the crematory is given- 
in table No. 78. 

TABLE NO. 78, 

CCST OF GARB.ACE DISPOSAL. 



$DO0 I (414 I $647 | $1,961 

nOO 1 aafi I 404 ■ l.ftTO 

l,Wi I 410 I 704 I 2.494 



The unit costs based on the figures of the foregoing table, are given-. 
1 table Xo, 79. 
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TABLE NO 79. 

UNIT COSTS OF GARBAGE DISPOSAl 



Year. 


i* 






Si 




$0,091 
0.075 
0.110 


t2.21 
1.38 
1.18 


$0.47 

o!i9 




1909 


.76 











It will be noted that a large reduction has taken place in the unit 
costs of disposal, and this has been due principally to the increased quan- 
tities of material burned, the furnace being thus operated at more nearly 
its .ra,ted capacity and without a corresponding increase in cost. 

The receipts of the garbage department for the years 1908 to 1910 
are presented in table No. 80. 

TABLE NO. 80, 

RECEIPTS OF GARBAGE COLLECTION AND DISPOSAL. 
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Year. 


it 


£k 






£^ 


3 


















1908 


$150 


$160 


$310 




150 
150 


150 
202 






352 







RUBBISH AND ASHES. 

The colleotion of household rubbish, ashes, etc., is given very Httie 
attention and is not carried on by the city or under its supervision. Mis- 
cellaneous scavengers remove this class of refuse and dispose of it by 
dumping, or, if it be of a combustible nature, it may be disposed of at 
the garbage crematory. Grocers, jobbers, etc., remove their own rubbish, 
which is usually of a combustible nature, and this is received without 
charge at the plant. 

The removal of household rubbish and ashes is very irre^ar and 
infrequent, and as the expense is whdly upon the householder the work 
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is incomplete. There has been considerable complaint due to tlie dump- 
ing of the material along the banks of the river. This has resulted in 
'very unsightly conditions, although no decided nuisance due to odors 
has l,een created. 

STREET CLEANING. 

In order to niaititain the paved streets of the city in a-cleanly con- 
dition, a department wjth a small equipment is maintained. The work 
is carried on under the direction of the public service department, a su- 
perintendent being employed in immediate charge of the work. 

The equipment of the department includes one machine sweeper, 
five horses, four white wing outfits, one dump wagon, and a stable for 
, housing the equipment. 

The streets are cleaned by two methods, namely, machine sweepings 
and hand cleaning. The former is carried on entirely at night, and thus 
to a large extent the objection to the creation of dust is removed. Hand 
cleaning is carried on during the day on the principal streets of the city. 
The frequency of cleaning varies in different sections of the city and at 
different seasons of the year, but an attempt is made to clean all streets 
every two weeks, those in the business section being covered more fre^ 
quently. 

The dirt removed from the surface of the streets is carted to con- 
veniently located dumping grounds along the river bank, where it is dis- 
posed of without causing complaint. 

The cost of street cleaning averages $r^oo per month or $16,800 per 
year, representing a cost of $0.75 per capita and $1120 per mile of 
streets. These unit expenditures are excessive in comparison with those 
of the larger cities of the state. 
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ZANESVILLE. 



The city of Zanesville is located in the central portion of Muskingum 
County on the Muskingum River, at its point of confluence with the 
Licking River. The surrounding country is hilly, but the larger portion 
of the city itself is located upon rather flat ground. 

The population of the city according to the Federal census for 
1910, is 28,026. The following table gives the recent census reports: 

Percentage. 
Year. Population. increase. 

1890 21,009 

1900 23.538 12.0 

1910 28,026 19.1 

It will be seen that the city has for the past twenty years experi- 
enced a steady but not 3> rapid growth. Owing to its rather favorable 
shipping facilities, Zanesville is an impoftant manufacturing center, its 
largest plants being devoted to the clay industry. The city is provided' 
with a number of municipal improvements, including a public water 
supply; sewerage; paved streets; municipal collection and disposal of 
ga^rbage; and street cleaning. 

City wastes disposal and street cleaning are carried on under the de- 
partment of public service, the work being handled by two sub-depart- 
ments, which care for the collection and disposal of garbage and for the 
cleaning of the streets. No municipal rubbish and ashes collection de- 
partment at present exists. 

GARBAGE. 

Previous to 1907, the collection and disposal of garbage was carried 
on by independent scavengers, who made irregular and rather infrequent 
collection throughout the city and disposed of the material by burying 
it or feeding it to swine in the surrounding country. This system of 
collection and disposal was very unsatisfactory owing to the careless 
and unsystematic manner in which it was carried on, and it became 
necessary for the city to make improvements in this branch of public 
work. 

In the early part of 1907, the city installed a refuse destructor for 
the disposal of garbage and rubbish collected within the city. For some 
time after this plant was built, however, no important changes were 
made in the collection system, and the independent scavengers continued 
to collect garbage and dispose of it as they saw fit. All of the garbage 
was removed to the surrounding country, as was the case before the 
crematory was built ; and until the early part of 1909 only rubbish was 
received for destruction. During the year 1908 the city made an effort 
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to organize and improve garbage collection by awarding a contract to a 
collecting company. The company received $2,600 for the work during 
the year and disposed of the waste material almost entirely by feeding to 
hogs. 

In the spring of 1909 the cily instituted munidpaJ collection of gar- 
bage, disposing of it in the crematory, and this method remains in force 
at the present time. With the adoption of municipal collection nearly all 
of the independent scavengers ceased to collect garbage, but have con- 
tinued the removal of rubbish. The garbage collection and disposal are 
under the direct supervision of the director of public service, who hires 
such labor and assistance as is required. 

The equipment of the garbage department includes three collectioi* 
w^ons, horses, stables, and a garbage crematory. The collection wagons- 
are of 2 yards and ij yards capacity, are watertight and provided with 
tightly fitting covers. They create no nuisance in passing through the 
streets. 

Collections are made in all portions of the city at intervals of about 
two weeks, the frequency varying somewhat according to the remote- 
ness of the districts. The present collecting system is not entirely satis- 
factory owing to the fact that insufficient funds are available for the 
proper carrying on of the work. It has, however, proved to be a vast 
improvement over the old unorganized system and in time will probably 
develop a higher state of efficiency. 

Method of Disposal. 

Description of Plant. The garbage crematory is located in the cen- 
tral portion of the city on the north bank of the Muskingum River. The 
site of the plant is within a few blocks of the business section, and is in 
the center of a thickly built up locality. The furnace is built in the 
pump pit of the old water works station. The building is a one-story 
brick structure, which also serves as a barn for the equipment of the 
garbage collection and street cleaning departments. It is 28 feet by 72 
feet in plan, and is arranged so that the collection wagons may be driven 
through the building and directly over the furnace. The pit in which 
the furnace is located is about 44 feet long, 19 feet wide and 17 feet 
deep. 

The installation consists of a main incinerating furnace and a so- 
called gas consuming furnace. The main furnace is constructed of a 
shell of J-inch steel plates, the sides and ends being lined with fire brick. 
The furnace is 10 feet 10 inches in length, 9 feet in width, and 10 feet 
in height above the grates, Inside dimensions. Directly over the furnace 
and forming the top is a rectangular boiler or water jacketed crown, 11 
feet 10 inches by 11 feet 7 inches by i foot 6 inches, constructed of |-inch 
and 5/16-inch steel plates, and stayed in all directions with ij-inch bars 
spaced to withstand a pressure of 100 pounds. 
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Openings for the introduction of the material to be burned penetrate 
the dumping floor over the furnace. Two circular openings extend 
through the crown and are intended for the admission of miscellaneous 
rubbish a-nd garbage containing a medium moisture content. On either 
side of the furnace and in line with the circular openings are rectangular 
steel hoppers, provided for the admission of wet garbage containing a 
large amount of water which will drain off. The bottoms of these hop- 
pers are constructed with a perforaited steel strainer, through which the 
liquid passes info a drain pipe leading to the evaporating pan below the 
furnace. When thoroughly drained the garbage can be discharged on to 
the upper tubular grates by the operation of sliding steel doors at the 
bottom of the hoppers. At the front of the furnace is a^ steel chute dis- 
charging directly on to the lower grates and designed for the dumping 
of dry and easily combustible refuse. The tops of all openings are flush 
witii the dumping floor above the furnace and are provided with well 
constructed steel doors. 

On the interior of the furnace are water-cooled tubular grates set to 
form an inverted "\"' with an angle of about 40 degrees, the vertex of 
which is in the upper-central portion of the furnace. These grates are 
constructed of i^-inch pipes and are set on g-inch centers. The upper 
ends connect with the crown above and the lower ends connect with 8- 
inch headers extending along either side of the furnace. These headers 
are also connected with the crown by means of pipes outside the furnace 
at each corner. Water from the city mains is supplied to the headers for 
circulation through the grates and crown and the steam generated is used 
for the steam spray in the gas consuming- furnace, as will be described, 
the excess being allowed escape into the atmosphere through a relief 
valve. 

The lower or main grates of the furnace are constructed of cast iron 
bars 4 feet 6 inches long and 5 inches wide, perforated with ^-inch holes 
staf^ered at about ^-inch' on centers. About 50 per cent, air space is 
thus provided. Below these grates is an ash pit depressed 6 or 8 inches 
below the floor level. This ash pit also acts as an evaporating pan, re- 
ceiving the liquids draining from the garbage in the furnace and side 
hoppers. A steam space beneath the ash pit assists in furnishing the 
heat necessary for evaporation. Doors are located in the ends and sides 
of the furnace, giving accessibility to the upper and lower grates. 

The products of combustion pass from the furnace to the gas con- 
smiiing furnace through two horizontal circular flues, each 2 feet 6 inches 
in diameter, which lead from one end of the furnace near the crown. 
A checkerwork of fire brick is placed between the furnace and the flues 
and serves to mix the gases and assist in completing combustion. 

The gas consuming furnace through which the gases pass before 
entering the stack consists of a steel shell hned with fire brick. Its out- 
side dimensions are 9 feet in wi:lth. 10 feet 7 inches in lengthy and 6, feet 
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2j indies in height. It is divided longitudinally into two parts by a wall 
of fire brick, so that the gases from each of the circular flues pass through 
the gas consuming furnace independenitly and join in the stack. Fire 
walls are built across the two parts of the furnace in such a way that 
the gases are first conducted downwards over a pan of water, then 
horizontally between updraft and downdraft fires, then upward and again 
downward through a steam spray and over a second pan of water, at 
which point they enter the stack. The water aceas and steam spray are 
designed to remove particles of solid matter carried in suspension in the 
flue gases, and the fires are intended to raise the tempera^ture of the gases 
sufficiently to complete their combustion and remove odors contained. 

After passing the gas consumii^ furnace the products of_ combus- 
tion enter a stack i6o feet high by 5 feet inside diameter. The stack is 
constructed of riveted steel plates Uned with fire brick to a height of 
40 feet above the surface of the ground. It is enlarged at the base and 
set on a .heavy stone and concrete foundation. No dampers for the 
regulation of the draft through the main furnace or the gas consuming 
furnace are installed. 

Method of Operation. The operation of the incinerating furnace at 
Zanesville is necessarily intermittent, owing to the fact that an insufficient 
amount of garbage is received to permit of continuous operation accord- 
ing to the prescribed methods of the Decarie Incinerator Company. 

During the summer season of the year six loads of garbage or from 
7-J to 8 tons are delivered daily by the municipal wagons, and varying 
quantities of mixed grocery, meat market, household garbage and nibbish, 
wood, paper and other rubbish from wholesale and retail stores through- 
out the city. Each of the three municipal garbage wagons arrives with 
its first load late in the morning and the load is immediately dumped into 
the furnace. The second loads, however, arriving late in the afternoon, 
are kept in the wagons until the following morning, when they are 
dumped just before the fires are started. 

At 5 : 30 each morning the furnace and ash pit are thoroughly cleaned 
in preparation for the day's run. Twenty-five to 30 bushels or 2,000 to 
2,400 pounds of coal are then spread in an even layer of about 5 or 6 
inches in thickness over the grate bars. Above the layer of coal about 
1,800 pounds of cord wood are placed, making a layer of from 18 to 24 
inches in thickness. Immediately above the coal at each of the lower fire 
doors at the ends the furnace are placed barred staves, used to ignite 
the fires. About 200 pounds of kindling wood' selected from loads of 
refuse are dumped through the combustible chute at the front of the 
furnace. With these preparations the furnace is ready for the reception 
of garbage. It should be noted that the quantity of coal and wood placed 
in the furnace is varied to meet special conditions. The figures given 
apply to the ordinary conditions of operation. 
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Before the fires are ignited in the incinerating furnace, however, the 
fires in the gas consuming furnace are started in order to bring the gas 
consuming furnace to a high temperature before combustion gases reach 
it. Only the lower or updraft fires on each side of the furnace are 
employed. 

The extent to which the fires in the gas consuming furnace ac- 
complish the complete cwnbustion and deodorJzation of the gases from 
the main furnace is uncertain. During the early part of a burn the 
fires in the gas consumer are easily kept in good condition and no doult 
accomplish their purpose; but as the temperature increases the draft 
becomes intense and -it becomes difficult to maintain hot fires in the gas 
consumer. The air excess in these fires is very great and a consequent 
cooling takes place, defeating the object desired. 

At the time that the first load of garbage is clumped, usually at about 
7:00 A. AT., the fires in the main furnace are started. The three loads 
which have stood in the wagons since the previous afternoon are then 
dumped through the circular openings at the top of the furnace. The 
side hoppers which shoidd properly receive this class of refuse have 
never been used owing to the difficulty encountered in c^erating the slid- 
ing doors. In dumping the gurhage the larger portion rests upon the 
tubular grates in a pile at the sides and half-way between the ends of 
the furnace. A large amount, however, passes directly through the grates 
and blankets the fuel bed helow. The water contained in the garbage 
drains through the fuel bed and grates for several hours after dumping, 
greatly retarding the progress of the fire. After the fires are burning 
brightly the stoking of the garbage is, actively attended to in order to 
facilitate and hurry the drying process. Except at the end of a burn, 
combustion takes place actively only at the ends of the furnace near the 
lower fire doors and all of the garbage must be pulled to these points to 
accomplish its destruction. The central porticHi of the furnace is totally 
dead except in the last stages of the day's run. Upon the arrival in the 
morning loads between io:oo and ii:oo A. M., they are immediately 
dumped into the furnace, increasing the size of the pile in the central 
portion and greatly retarding the progress of the fires toward that por- 
tion of the furnace. At various times throughout the morning and the 
early part of the afternoon small loads of a miscellaneous character are 
received and dumped. These loads probably have little effect on the 
furnace either in assisting or retarding the fires. With the progress of 
the burning the fuel bed is burned ou* at the ends of the furnace where 
combustion is most active, and coal is added from time to time at these 
points to keep a bright fire. 

Steam pressure is produced in the crown from three to four hours 
after the fires have been started, depending on the nature of the garbage 
as to moisture and combustibility. The maximum pressure reached dur- 
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ing a day's run varies with the intensity of combustion. Onhnarily a 
maximum of about 40 pounds is obtained toward the end of the day and 
at times pressures as high as 70 pounds haive been reached. 

Frequent »toIcing of the garbage is necessary during the entire day 
until the volume has been reduced to a level below the tubular grates. 
At this time the material in the furnace is almost completely dried and 
is easily combustible. It therefore burns rapidly without requiring fre- 
quent stewing. 

The ash produced is usually well burned and possesses little odor. 
The condition of the ash, however, is dependsnt upon the quantity of 
fuel originally introduced, as well as upon the attention of the operator 
to the firing and stoking of the furnace. Unless sufficient fuel is used 
and careful attention given, the ash will not be completely consumed. 
The ashes are removed from the furnace each evening and the furnace 
is allowed to cool until the following morning. At intervals the ashes 
are removed in wagons and disposed of by dumping. 

The operation of the plant gives rise to objectionable odors which 
are noticeable in the central business portion of the city. The produc- 
tion of odors seems to be independent of the operation of the gas con- 
suming furnace, and complaint is made at all times. 

During the year 1910 the fuel used in the destruction of the refuse 
totaled 400 tons and 90 cords of wood (equivalent to 126 tons). Re- 
ducing the fuel to equivalent coal, a total of 456 tons were used. On 
the basis of 1070 tons of garbage destroyed, the coal consumption was 
760 pounds equivalent coal per ton of garbage destroyed. 

Character and Qiiiititily of Refuse Destroyed. 

The wastes received at the incinerating plant are of two classes, 
namely, garbage collected by the city, and mixed refuse privately brought 
to the plant. - Garbage constitutes the bulk of the material received, 
amounting to about 80 per cent, of the total, while the mixed refuse, 
which is somewhat irregular, totals about 20 per cent. 

The municipal garbage department has neglected the maintenance 
of proper records of the quantities of garbage and other refuse received 
at the plant for destruction. During igio, however, records of these 
quantities were kept, and these are presented in table No. 81. It will be 
noted that the maximum garbage collection occurs in August and Sep- 
tember, the minimum falling in the winter season, when the department 
work is very light. The quantities on the unit basis are much smaller 
than obtain in the larger cities of the state, indicating incomplete collection. 
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TABLE NO. 81. 

QUANTITIES OF GARBAGE AND REFUSE COLLECTED, APRIL TO DECEMBER, I9IO. 
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Average per month. 


190 


119 


.0068 1 8.5 

1 


110 


28 


147 



Note: —Tonnage estimated as follows: 

Garbage 1250 pounds per cubic yard. 
Mixed refuse 'lOO pounds per load. 

Cost Data. 
In tables No, 82 and Ko. 83 are given itemized costs of collection 
and disposal of garbage respectively, for 1908, 1909 and 1910. The total 
costs are given in table No. 84. it will be seen that the cost of collec- 
tion has been reduced by the adoption of municipal collection, although 
it should be noted that the costs do not include new equipment or fixed 
charges on the investment. 

TABLE NO. 82. 

COST OF GARBAGE COLLECTION. 



1908 
1900 

19 Hi 
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i ui u, I tS H U 



J908 1 J1.450 I tl47 | J352 [ $1,850 [ $0.0 

190!) ; 1 1,9411 638 I 650 1 3.229; 'i.ljv 

1910 1 l,fi76 I 759 1 C63 3,098 O.UO 



TABLE NO. 84. 
TOTAL COST OF GARBAGE COLLECTION AND DISPOSAL. 
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1910 


2, -553 


3,09« 


5,650 


0.201 



On the basis of 1200 tons of garbage collected during 1910, the unit 
costs were as follows: 



Collection : Total cost 
EHsposal : Total cost 1 

Incidental, 



No provision is made by the city to care for the removal of rubbish 
and ashes, and this work is left entirely to independent scavengers. The 
city is incompletely covered and the collections are quite irregular. The 
_ removal of rubbish from the central business portion of the city is 
privately done and the waste material is disposed of by burning at the 
garbage crematory. 

The rubbish and ashes of household origin are disposed of by dump- 
ing at various points in the outskirts of the city. The combustible por- 
tions of the material are received and destroyed without charge at the 
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garbage crematory, but only small quantities are disposed of in this 
manner, 

STREET CLEANING. 

The department of street cleaning is under the general supervision 
of the department of public service. The equipment of the department 
is small, which does not permit as frequent cleaning as should obtain. 
The streets are cleaned by machine sweeping and hand cleaning. The 
work of the department is irregular, being almost entirely suspended dur- 
ing the winter months. During 1909 $7,200 or $0.26 per capita was ex- 
pended for street cleaning. This figure is much less than' is usual in the 
larger cities of the state. 

The methods of street cleaning are not satisfactory, owing to the at- 
tendant dust nuisance which is common when the machine sweeping 
method is used. All material removed from the streets is removed in 
wagons and disposed of at convenient dumping grounds. Its disposal 
by this means is unobjectionable. 
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DESCRIPTION OF FURNACE TESTS ON CREUATORIES AT 
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MANSFIELD. 
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THE DISPOSAL OF GARBAGE BY INCINERATION IN OHIO. 

In six of the fourteen cities of the state whose populations are be- 
tween 20,000 and 80,000, garbage is disposed of by burning. In the 
other eight cities the material is principally dumped on land or buried. 
In only one city of less than 20,000, namely, Mafion, is a garbage cremar 
tory maintained. A list of the Ohio cities using incineration as a method 
of disposal is as follows: 

CUy. Population, 1910. 

Marion 18,262 

East Liverpool 20,3S7 

Mansfield 20,768 

Steubenville '. 22,391 

Zanesville 28,026 

Canton 50,217 

Youngstown 79,066 

Studies of this method of disposal were carried on in each of these 
cities excepting East Liverpool and Youngstown, and one or more 
furnace tests conducted during the study. 

METHOD OF CONDUCTING FURNACE TESTS, 

In studying the disposal of garbage by incineration in the various 
cities in Ohio employing this method, the principal object was to secure 
data to determine the results obtained by the usual methods of operation 
employed at the various plants. Special conditions of operation were 
introduced for but one test, at Canton, July 30, 1909, when the effect of 
uniform introduction of garbage into the furnace was studied. It was 
not expected that the results of the studies would furnish data for com- 
parison of the different types of furnace represented in the state, and it 
will be seen that accurate comparison is difficult when it is considered 
that variations in the conditions attending the tests introduce factors 
which are independent of the type of furnace. No set of standard con- 
ditions to apply to the tests on all of the plants was adopted, therefore, 
but the local conditions at each plant were undisturbed for the tests. 
The results of the studies are therefore largely an indication of the 
operation rather than a basis for comparison of the different types 
of furnaces. 

The satisfactory disposal of garbage by burning from the standpoint 
of creation of a nuisance is largely dependent upon the temperature 
maintained within the combustion cell ; and temperature measurements 
therefore constitute the most important observations of the tests. The 
temperatures produced are in a large degree dependent upon the con- 
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struction and condition of the furnace, but are also greatly affected by 
the method of operation. 

In general the furnace tests consisted in burning a known quantity 
of garbage and other wastes and in studying the action of the furnace by 
means of observations made during the tests. The principal observa- 
tions included : 

I. The quantity and character of refuse burned and the time and method 

of intrcMluction into the furnace, 
■2. The quantity and kind of fuel used and methods of firing. 

3. Frequency and method of stoking. 

4. Temperatures: Furnace room; over fires; in garbage cell; and in flues. 
and stack, 

5. Flue draft, 

6. Flue gas analyses. 

7. Appearance of gases leaving stack; odors at plant and in vicinity. 

8. Quantity ai)d character of ash produced. 

Samples were also collected and shipped to the laboratofy at Colum- 
bus for analysis as follows: Garbage as received; fuel; fOel ash; and 
garbage ash. 

DESCRIPTION OF APPARATUS USED FOR TF.STS. 

For high temperature measurements two platinum ribbon pyrom- 
eters measuring up to 3000 degrees Fahrenheit were employed. These 
instruments were used for reading temperatures within the combustion 
cell. For reading temperatures below 800 degrees a low temperature 
pyrometer was used. Flue temperatures were obtained principally by 
the use of this instrument. These pyrometers were manufactured by 
Edward Brown and Son of Philadelphia. 

Flue and stack measurements were made by means of a draft gage» 
manufactured by the Ceramic Supply and Construction Company of Co- 
lumbus. An Orsat apparatus and necessary appliances were used for the 
analysis of flue gas. 

The above instruments were packed in cases so as to permit of 
shipping and were transported without injury to the different cities when 
required. Other necessary apparatus, such as tubes for sampling the 
flue gas, scales for weighing fuel, a mixing Iward for preparing samples- 
of garbage, etc., were provided at each furnace. 

CO-OPERATION OF CITY OFFICIALS AND KEEPING OF RECORDS. 

One of the advantages of the study recognized during its progress 
was that resulting from securing the co-operation and interest of city 
officials in the subject of garbage disposal. In each of the cities visited 
hearty co-operation and assistance were given in conducting the tests, 
and in three of the cities the practice of keeping accurate records of 
operation was instituted. In the other two cities fairly satisfactory 
records were also maintained. 
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DESCRIPTION OF FURNACE TESTS. 



In the following are presented detailed descriptions of the tests con- 
ducted at the various furnaces. Descriptions of each furnace together 
with attending conditions of the character and collection of wastes, 
method of i^>eration, etc., have been presented in a previous portion of 
this report and will assist'in interpreting the results of the tests. 

The following is a list of the cities and types of furnaces used, and 
is also the order in which the descriptions of the test are presented. 

City. Type of Furnace. 

Canton Dixon, 

Mansfield Dixon. 

Marion Walker. 

Steubenville Lewis & Kitchen. 

Zanesville Decarie. 



CANTON. 

Three tests were conducted at the garbage crematory at Canton on 
July 29 and 30, 1909, and February 3 and 3, 1910. In the first test both 
cells of the furnace were used and the ordinary methods of operation 
were employed. For the second test one cell was used and special con- 
ditions introduced to learn the effect of uniform introduction of garbage 
into the furnace. During the third test one cell was used and ordinary 
operating conditions prevailed. In table No. 85 will be found the items 
of particular interest pertaining to the conditions of the tests and the 
results accomplished. 

Tests of July 2p, i^og. 

During this test both cells of the crematory were used. In prepara- 
tion of the test the cells were cleaned thoroughly and allowed to cool to 
a temperature of about 100 degrees F. Throughout the test the fireman 
regularly employed at the plant was allowed to follow his usual methods 
of operating the furnace and frequent observations were made for the 
purpose of studying the results obtained under the ordinary operating 
conditions. The principal observations are presented in tables No. 86 
and No. 87. 
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TABLE NO- 85. 

DATA ON CREHATORy TESTS AT CANTON. 



Duration of test (hours) 

Cells used for test 

Quantity of garbage destroyed (lbs.)., 
_ Time required to burn garbage (hours) 

No. hours during which coal was used. 

Quantity of garbage destroyed per hour 
(lbs.) 

Quantity of garbage destroyed per 
hour per sq. fi. grate area 

Quantity of garbage destroyed per 
hour during use of coal 

Quantity of garbage destroyed per 
hour duing use of coal per sq. ft. 
grate area 

Average percentage moisture in garb- 
age 

Weight of ashes remaininjE (lbs.) 

Per cent ashes of total weight of garb- 
age 

Quantity of coal used (lbs.) 

Coal used- per hour of firing (lbs,) 

Coal used per hour per sq. ft, grate 
area (lbs.) 

Coal used per hour per ton garbage 
(lbs,) 

Heating value of coal (B, T, U.) 

Heating units in coal per pound garb- 
age (B, T. U,> 

Fuel cost per ton of garbage destroyed. 

Average temperature combustion cham- 
ber, Deg. F 

Max. temperature combustion chamber, 
Deg.F. 

Average flue temperature, Deg. F. 

Average furnace room temperati 
Deg. F 



No. 1 


No. 2 


5,155 


3,585 


22.0 


18.5 


10.0 


6.5 



4.30 
75.4 



11,620 

30,5 
14.0 



11,748. 

3,690 
fO.62 
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Refuse Destroyed. During the test 5155 pounds of garbage were 
introduced into cell No. i and 3895 pounds into cell No. 2. The garbage 
was introduced into the cells as follows : 



Cell No. 1. 




Cell No. 2. 




Time. 


Weight of 
Garbage. 


Time. 


Weight of 
Garbage. 




1530 
13S 
2140 
1350 










1130 


3-30 P M 


J -80 P. M 


1430 













The garbage *-eceived was entirely kitchen refuse consisting of 
vegetable, fruit and melon wastes, greasy water, and s^mall amounts of 
rags, rubbish, etc. Its weight averaged 1205 pounds per cubic yard. A 
composite sample of the garbage received was collected and upon analysis 
was found to contain the following constituents: 





75 


4c/,, 










21 


^m. 













?A% 










09 w, 


Calorilic value (BTU) 




;tM 



The garbage was introduced into the furnace as the wagons arrived, 
the entire load being dumped immediately. The immediate dumping of 
the wagon was necessary owing to the absence of storage space and re- 
sulted in a very irregular application of garbage. It was, moreover, 
necessary to leave the charging hole of the furnace open during the entire 
time required for the emptying of a wagon. This period averaged 10 
minutes, and it will be readily seen that during this time the furnace 
suffered an appreciable lowering in temperature. At the time of the in- 
troduction of the first loads into cells Nos. i and 2, the temperature 
of the cells was about 100 degrees F., and the fires were then started. 
The introduction of succeeding loads had the effect of lowering the 
temperature within the cells and thus retarding the progress of the burn- 
ing of the garbage previously introduced. 

Use of Fuel and Methods of Firing. Previous to the introduction 
of any garbage small fires were built in the fire boxes of each cell of 
the furnace, but were kept banked until the first garbage was introduced 
rnto the cell. These fires liad but small effect on the temperature of the 
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furnace before starting tlie test, and the coal consumption was very 
smaU. Upon the introduction of the first garbage into cell No, i at 10:30 
A. M., July 29th, the upper and lower fuel fires of that cell were started. 
The fires in cell No. 2 were not started until 2:00 P. M., July 29th, when 
a load of garbage was introduced into that cell. The fireman at the plant 
was allowed to follow his usual methods of firing, and the fuel was ap- 
plied very improperly and in a manner conducive neither to fuel economy 
nor the production of high or even constant temperatures. The coal 
was added in amounts averaging 55 pounds to each fire at infrequent and 
very irregular intervals, which varied from 15 minutes to 2 hours, and 
averaged about 45 minutes. The handling of the fires was also faulty 
in that the fuel beds were maintained very uneven and covered only a 
portion of the grates. None of the fires were clinkered during this test. 
The proper firing of the upper fires in each cell is difficult to accomplish, 
owing to the fact that these fire boxes are 5 feet 4 inches above the floor. 
The upper fuel beds covered only the front portion of the grate bars, the 
rear portion being free of coals. 

The fires in each cell were kept alive from the time of starting oii 

July 29th, imtil 8:30 A. M., July 30th, except during an interval from 

5:40 P. M,, July 29th, to 5:30 A. M,, July 30th, when they were banked. 

The coal used for the test was run-of-mine, obtained from a bank 

■ mine a few miles south of Canton. The analyses of the coal and its aah 

produced by burning were as follows : 

Coal. Ash. 

Moisture T,lfi'/,. 9,90% ' 

Combustible 8-2. H7o 16.7fl% 

Calorific value (B, T, U,J 10M3 1,903 

Stoking. On July 29th the garbage was stoked infrequently, but 
toward the end of the test on the morning of Jnly 30th, stoking was more 
frequent, permitting a rapid burning of the dried and easily combustible 
material. More frequent stoking in the earlier portion of the test would 
probably have assisted in the drying. 

Temperatures. The results of the high temperature measurements 
indicate improper operation. The temperatures within the fire boxes 
varied from about 1000 to 2000 degrees F., and fluctuated greatly owing 
to the irregularity of firing. The irregvdarity of' temperature was also 
shown in the readings taken within the garbage combustion chamber. The 
maximum temiierature attained in cells Xos, i and 2 were 1065 and 1000 
degrees, respectively, and the averages of all observations for cells Nos. 
I and 2 were 522 degrees and 553 degrees, respectively. The maximum 
temperatures occurred at the end of the test, when the garbage, having 
dried completely, was burning brightly. The flue temperatures at no 
time during the test became very high, hut this is due to the low tem- 
peratures within the furnace and is not an indication of a large utiliza- 
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tion of heat. The flue temperatures were about equal to the average 
temperatures of the cell itself. 

Draft. Duing the test no attempt was made to vary draft conditions 
by the handling of the dampers, and at all times the dampers were al- 
lowed to remain open as far as possible. This permitted an excessive 
loss of heat by way of the stack, especially in the latter portion of the 
firing. 

Flue Gas Analyses. No samples of flue gas were taken during the 
early portion of the test, owing to the failure of the Orsat apparatus. 
Samples taken during the last few hours of the test when the garbage 
was dried and burning briskly indicated that at that time a fair degree of 
combustion was attained. . 

Odors. The odors within the plant and in the immediate vicinity 
were not objectionable at any time during the test. At various times 
during the test, odors could be noted at distances of looo feet or more 
from the plant. At all times except immediately following firing, when 
the smoke from the fuel obscured it, thin vapor issued from the stack. 

Ashes from Garbage. The ashes remaining from the burning of the 
garbage were of a dark grayish brown color and contained small bits of 
iinbumed material, and had a slight unpleasant odor. The ashes from 
cell Ko. I weighed 603.5 pounds, representing n.7 per cent, of the gar- 
bage placed within the ceil. Those from cell Xo. 2 weighed 452.5 pounds 
or 12.6 per cent, of the garbage placed within the cell. A sample of the 
ashes was collected and the analysis was as follows: 

Moisture 1.5% 

Combustible 18.3]% 

Calorific value <R. T. U.) 341 

Test of July 30, 1909. , 
In this test an attempt was made to study the furnace under special 
operating conditions. To this end it was arranged to have the garbage 
applied at regular intervals with the furnace at a high temperature and 
to maintain proper firing conditions. Cell No. 2 was alone used for this 
test. In preparation of tlte lest the cell was thoroughly cleaned and al- 
lowed to cool to a temperature of about 200 degrees F. The two fires 
in the fuel furnace of cell Xo. 2 were started at 10:00 a. m., July 30th, 
a.nd regular firing conditions were maintained until 3 130 p. m., July 30th, 
when the garbage was completely burned. The observations of this lest 
are presented in table Xo. 88. 
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Refuse Destroyed. During this test 5880 pounds of garbage were 
destroyed. The garbage burned^ during this test was almost identical 
in appearance with that of the previous day, consisting principally of 
wet vegetable, fruit and melon wa.sti's. Its weight averaged 1205 pounds 
per cubic yard. A composite sample of the material gave the following 
analj'tical results; 

Moisture 77. 3% 

Ash 3.10'/, 

Combustible \^M'/h 

Ether extract 4 .T-'.^t 

Phosphoric acid ( P:0,) 0.36% 

Kjeldahl nitrogen 0.00% 

Potash (K;0) 0.28% 



.\\\ of the garbage was stored as it arrived and was introduced into 
the cell after high temperatures had been reached in six approximately 
equal portions between 11:10 A. M. and 1:30 P. M. The method of 
application of the garbage aside from producing uniform conditions, 
shortened greatly the time necessary to keep the charging holes open. 
It required no longer than one minute to introduce each of the six 
charges, and the reduction of temperature within the furnace was slight. 
The greater portion of the garbage was placed in that part of the cell 
near the fire boxes, but a small' portion was also placed at the other end 
of the furnace and readily burned at this point. 

Fuel Used and Method of Firing. The coal used for this test was 
of the same quality as that used on the preceding day. The application 
of fuel was maintained as regular as feasible. At intervals of 8 to 10 
minutes about 30 pounds of coal were added to each fire. The fuel beds 
were kept level, covering the grate bars uniformly to a depth of 6 to 8 
inches. The fires were started at 10:00 A. M. and the furnace heated 
to a temperature of 1150 degrees at ii:io A. M., when the first charge 
of garbage was introduced. For this purpose 678 pounds of coal were 
used. The total coal used during the test was 2071 fwunds or .335 
{>ouDd per pound of garbage. Deducting that required for heating the 
furnace, the coal consumption was .225 pound per pound of garbage, 
which more nearly represents the consumption if continuous operation 
were employed. 

Stoking. During the 4^ hours between the introduction of the first 
charge of garbage and the end of the test the material was frequently 
stoked and stirred to facilitate drying and combustion. This frequent 
stoking probably tended to cool the furnace somewhat, but assisted greatly 
in the rapid burning of the garbage. 

Temperatures. The temperature measurements within the cell in- 
dicated that a much more regular and higher temperature was main- 
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tained than during the first test. At all times during the destruction 
of the garbage the cell had a temperature averaging 1127 degrees, and 
varying from 1595 degrees down to 640 degrees, the latter temperature 
occurring at but one time and immediately following the introduction of 
a large charge of garbage. The temperatures throughout the test were 
maintained very regular by the conditions of firing and fluctuations were 
not numerous. It was impossible, however, to keep the flue temperature 
low, and toward the end of the test it reached a temperature of 1000 de- 
grees or more. This, of course, represents a large loss of heat, but is 
unavoidable with the present design of furnace. 

Draft. The flue draft was controlled somewhat by the handling 
of the furnace damper. During the earJy portion of the firing and after 
the introduction of each charge of garbage, the damper was o]iened wide 
to permit of free passage of gases to the stack. At other times, how- 
ever, the damper was partially closed. The average of all draft read- 
ings was .37 inch, the maximum being .42 inch, when the furnace was at 
high temperature. 

Flue Gas Analyses. The analyses of samples of flue gas taken dur- 
ing the test indicate a fair degree of combustion and show a very marked 
improvement over the results obtained on July 29, 1909. The average 
of all analyses is as follows: 

CO: 4.1% 

O: 15.8% 



Odors. Except at the times immediately following the dumping of 
a charge of garbage, none of the characteristic light colored vapor was 
noted issuing from the stack. The gases from the stack were invisible 
during the greater portion of the test, and were colored only following 
the introduction of garbage into the furnace or coal on to the fires. The 
storage of garbage caused some odor at the plant owing to the vaporiza- 
tion of water leaking from the garbage on to the top of the furnace. 
At distances of 1000 feet from the plant in the direction of the wind, 
however, no odors were detected at any time during the test. 

Ashes from Garbage. The ashes from the garbage were of a dark 
gray color and contained no visible unburned material. They possessed 
no odor. The total weight of the ashes was 478.5 pounds, representing 
8.1 per cent, of the garbage placed within the cell. A sample gave the 
following analysis : 

Moisture 0,l^-i% 

Combustible \'i.i'J% 

Caloritic value 
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Test of February s-^, ipio. 
This test was conducted under the ordinary operating conditions, 
the furnace being cold and partially filled with garbage at the beginning 
of the test. On February ist, all of the garbage arriving at the plant 
was placed in cell No. 2, and the test proper was not started until the 
morning of February 2nd. The garbage of February 2nd was introduced 
into the cell as it arrived. The conditions of this test differed from those 
of July 29, 1909, in that only one cell was used and better methods of 
firing and general operation followed. The observations of this test are 
given in table No. 89. 

TABLE NO. 89. 

OBSERVATIONS DURING CREMATORY TKST AT CANTON, FEBRUARY 2-3, 191O. 



Period. 




P 


Q 


Garbage 
Introduced. 


Remarks. 


1=1 i! 


Time 

Weight 
(lbs.) 


Feb. 2nd. 

10:10-10:25A .... 
11:(>5-11:25A .... 

11:50-11 :55A .... 
l-OO- 1-lOP .... 


516 

345 
933 
1 , 125 
1,040 
1,335 
1,310 

200 

926 

1,298 

913 
1,095 
1.218 
1,330 

1,073 


■555' 
436 

720 

'735 
800-1- 


.29 
.33 
.36 
.41 

*'46' 
.45 


10 :50A 
11 :10A 
11:30A 


1,100 

680 

1,220 


Fires started 8 :40 A. M. 


2:1-5- 2:30P .... 


1:50P 
3;45F 
4:35P 
5;O0P 


705 
7fi5 
645 
515 












Feb. 3rd. 


240 
3fi0 
700 

eoo 

530 


.21 
.38 
.43 

.47 
.44 




9:2I)-10;OOA .... 










Temp, upper fire 1860°; 
lower fire 2130°. 






1:00- 1:15P .... 












2:15P 


5(J0 


.48 


[ 




2:25-2:3.5P .... 


i 

1 


Discontinaod li r i u g 
3:30 P. M. 


Ave race 


972 ' 5(i7 


.39 



















Refuse Destroyed. During this test 11.620 pounds of garbage were 
introduced into the cell. All of the garbage delivered on February ist, 
amounting to 5,990 pounds, was placed within the cell immediately upon 
lis arrival. Following the starting of the fires at 8:40 j\. M., February 
2iic!, the following garbage was introduced : 
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Weight 
Time. Pounds. 

10:S0 A. M 1,1M 

11:10 A. M 680 

11:30 A. M 1,230 

1:50 P. M 70S 

3:45 P. M 765 

4:30 P. M 350 

4:35P M 295 

5:00 P. M 515 

Total 5,630 

The garbage was priticipaily kitchen refuse, consisting largely of 
-vegetable and fruit peelings. About one-half of the garbage was frozen. 
The weight of the garbage averaged 1,024 pounds per cubic yard. Two 
composite samples, representing the garbage received on February ist 
and 2nd, respectively, were collected and the averages of the analytical 
results follow : 

Moisture 72.9% 

Ash 2.53% 

Combustible 24 .52% 

Ether extract h.2f> 

Phosphoric acid (P^OO 0.207o 

Kjeldah! nitrogen 0.63% 

Potash (K,0) 0.26% 

Calorific value (B. T. U.) 2,471 

The garbage was dumped immediately upon the arrival of the 
wagons, the entire quantity being placed' in that portion of the furnace 
near the fire boxes. The charging holes were open' on an average of 
■eight minutes for each load dumped. 

Use of Fuel and Methods of Firing. With the furnace cold and 
containing 5,990 pounds of garbage, the fires were started at 8:40 A. M., 
February snd, and pushed as rapidly as possible to raise the temperature 
•of the furnace. A proper method of firing was followed and the fires 
were given attention at intervals averaging 20 minutes, when an average 
of 50 pounds of fuel was added to each fire. At 5:30 P. M., February 
and, the fires were banked for the night, being rekindled on the morning 
of February 3rd at 8:45. Firing was continued until 2:00 P. M., Feb- 
ruary 3rd, and the garbage had burned out completely at 3 :3o P. M, The 
ashes were removed and weighed on the following day. The ccml used 
was obtained from a bank mine a few miles south of C-anton, The 
;analyses of the coal and of the ashes from the grates are as follows: 

Coal. Ash. 

Moisture 7.90% 

Combustible f*4 . IS'-Jr 20 .64% 

Calorific value (B. T. U.) 11,748 1,!»24 
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Stoking. No sttAing was clone during the early portion of the test 
while the furnace was heating, but after burning temperatures were 
reached ihe garbage was stoked at intervals of 20 to 25 minutes. Each 
stoking required a period of four minutes, and the furnace was open 
for stoking purposes a total of 90 minutes or 10.7 per cent, of the 
length of the test. 

Temperatures. During the first three hours of the test the tem- 
peratures within the cell were not great enough to bring about the burn- 
ing of. the garbage and only a drying action took place. After this- 
period had passed, however, fairly constant and high temperatures were 
maintained. 

The results of the high temperature measurements show that the 
average temperature maintained within the combustion chamber during 
the test was 972 degrets F. The temperature fluctuated from 350 de- 
grees to 1.335 degrees F., these fluctuations being brought about by the 
discharge of garbage in to the cell. The firing conditions could not be 
regtUated to avoid these fluctuations. The flue temperatures reached 
1,000 degrees toward the close of the first day's firing, but at all other 
times the measurements indicated a somewhat lower temperature. 

Draft. The strength of the draft was regulated as far as possible 
by the manipulation of the damper. It was left open during the early 
stages of firing and immediately following the dumping of garbage, but 
when the cell was at high temperature the damper was partially closed. 
The draft measurements varied from about 0.20 inch when the furnace 
was at low temperatuce, to 0.49 inch in the latter portion of the test when 
high temperatures were attained. 

Odors. The odors within and about the plant were not noticeably 
objectionable during the test. At a point about 1,000 feet from the 
plant, however, a very distinct odor of the gases from the stack was 
noticed at 10:20 A. M., February 2nd, before high temperatures had 
been attained within the cell. At 3:00 P. M., February 2nd, the wind 
conditions remaining the same, no odor was noticed at the same point of 
observation. At this time the furnace was at a high temperature. The 
gases leaving the stack were observed at-various times when not obscured 
by the coal smoke. At all times except during the latter portion of the 
test when high temperatures were reached, the characteristic light vapor 
was noticed. 

Ashes from Garbage. The ashes from the garbage were of a dark 
gray color, very finely divided, and contained no visible unburned ma- 
terial. No odor was apparent. The total weight of ashes was 472 
pounds, representing 4.1 per cent, of the weight of garbage introduced 
into the furnace. A sample of the ashes was collected and its analysis was 
as follows: 

Moisture : I>.0% 

Combustible 8,07% 

Calorilic value (V 
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MANSFIELD. 



A test on the Mansfield garbage crematory was conducted Novem- 
Der i8 and 19, 1909. Tliis test was made with the idea of observing the 
conditions of operation brought about by the methods usually employed at 
the plant. In general, the test consisted in the destruction of garbage 
arriving at the plant on three days, November 17, 18 and 19, 191 1, The 
Jest was begun rai the morning of November i8th and concluded on the 
evening of November 19th. Throughout the test, except during an in- 
terval of 16 hours on the night of November i8th, the usual observations 
were made to determine the action of the furnace. A tabulation of 
the principal observations is given in table No. 90, and the items per- 
taining to the conditions of the test and results are given in table No. 91. 

On Noveinber 17th, tlie day previous to the beginning of the test, 
the furnace was cleaned and allowed to cool to about air temperature. 
On November 18th, immediately before the beginning of the test, 3,475 
pounds of garbage which had been received the previous day was placed 
within the cell and at 8:40 A. M. the fires were started in the fuel 
furnace. The firing was continued regularly thereafter until 4:30 P. M., 
November 18th, when the fires were allowed to die down and were bankeil 
until the following morning at 9:00 A. M., when they were rekindled. 
Firing was discontinued at 3:10 P. M. and the garbage was completely 
burned at 5:30 P. M., November 19th, and after the furnace had cooled 
sufficiently the ashes were removed and weighed. 
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TABLE NO. 91. 

D.\T.\ OX CKEU.ATORY TEST AT MAXSFIELO, XOV. 18-19, I9O9, 

Ouration of test (hours) ^ 31.6 

Quantity ^rbage destroyed (lbs.) 11,473 

Time required to burn garbage I hours) I 31.6 

Xumber hours during which coal was used , 14 

Quantity garbage destroyed per hour (lbs.) '_ 363 

Quantity of garbage destroyed per hour per square foot grate area 4.32 

Quantity of garbage destroyed per hour during use of coal ' 819 

Quantity of garbage destroyed per hour during use of coal per square ' 

foot of grate area 9.75 

.Average percentage moisture in garbage 77.6 

Weight of ashes remaining (lbs.) 58.3.5 

Per cent, ashes of total weight of garbage ' o. 1 

Quantity of coal used (lbs.) ; 2,072 

Coal used per hour of firing (Ihs. ) 148 

Coal used per hour per square loot grate area (Ib^.) 11.1 

Coal used per hour per ton garbage (lbs, I .362 

Heating value of coal (B. T. U) ■ 12.617 

Heat units in coa! used per pound of garbage (B. T. U.) 2.284 

Fuel cost per ton of garbage destroyed $0.34 

.Average temperature combustion chamber ( Degrees F.) 1,003 

Maximum temperature combustion chamber i Degrees F.) ! 1,430 

Average flue temperature (Degrees F. ) tiiO 

Average furnace room temperature (Degrees F.),.., I 77 



Refuse Destroyed. During the test, ir-473 pounds of garbage were 
burned. At the time the test was started the furnace contained 3^75 
pounds, and during the progress of the test garbage was introduced as 
follows : 

Wright of 
Thiie, Garbage. 

X.iv. l^f. ■■:M' \ 2,110 



The garbage received for burning was principally that collected by 
rlit Sanitary (jarLage Company in 10-gallon cans, and was therefore of 
lioii-elu.kl origin. It was wet and dirtv in appearance and contained a 
ra'.her large quantity of rubbisli. and its principal constituents were 
vegc:aLle wastes. \ composite sample oi tlic garbage gave the follow- 
ing analysis : 
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CoHsliluetH. Percentage. 

Moisture 77.65 

Ash 3.15 

Combustible 19-2» 

Ether extract 3.4i 

Phosphoric acid (P.O.) O.IT 

KjcWahl nitrogen .92 

Potash (K,0) 0.30 

Calorific vaJue (B, T. U.) 1.832 

The garbage placed in the cell after the test had been started was 
dumped immediately upon the arrival of the wagons. This resulted in 
a very irregular introduction of the garbage and thus interfered with the 
regularity of the action of the furnace. The necessity of leaving the 
furnace open during the dumping of a load also introduces a factor af- 
fecting the operation of the furnace. All the garbage was placed in that 
portion of the cell near the fuel fire for the purpose of keeping that 
section of the grate bars well covered to prevent short-circuiting. 

Use of Fuel and Methods of Firing. During the test, the usual 
methods of firing ordinarily employed at ttie plant were used. The fire at 
all times was kept in good condition, being clinkered frequently, and the 
fuel bed was maintained level, covering the grate bars with a thickness of 
about six inches. The coal was added in quantities of about So pounds at 
intervals averaging 37 minutes. This method of firing produced a high 
temperature within the fire box,- and the conditions at this point were 
quite constant. The fire was maintained at a high temperature at all 
times excepting an interval of i6i hours on the qight of November i8th,, 
when the fires were banked. The coal used was Hocking run-of-mine, 
costing $1.90 per ton, delivered at the plant. Its analysis was as follows : 



The proper care for the fire is shown by an analysis of the ash, which 
contains 16.22 per cent, combustible, a low figure for the coal used. 

The total weight of the coal used during the test was 2,072 pounds, 
which is equivalent to 0.181 pound of coal per pound of garbage de- 
stroyed, or 362 poimds per ton of garbage. 

Stoking, During the test somewhat greater attention was given to 
the stoking of the garbage than is the usual custom at the plant. Or- 
dinarily, only a small amount of stcJcing is required, owing to the fact 
that the garbage is at all times surrounded by a flame from the fuel- 
Observations during the test indicated that the garbage was stoked at 
intervals averyging 40 minutes. 

TenipcraUirirs. The temperature over the fuel fire at all timcis w;ls 
maintained in excc-^s of 2,000 degrees. This temperature was main- 
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tained regularly and fluctuations were infrequent. Within the } 
cell the average of all temperatures was 1016 degrees, the maximum 
recorded being 1403 degrees. The average temperature was somewhat 
lower than that required for complete combustion without odor, and does 
not represent the temperature which was maintained during the greater 
portion of the test. The figure given is somewhat lower than the true 
average, owing to the low temperatures observed during the early portion 
of the tiring, and included in the average. Measurements within the 
stack flue indicate that a considerable quantity of heat, especially during 
the periods of high temperature within the furnace, is carried out by the 
products of combustion. 

Draft. The draft readings made at intervals during the test show a 
great regularity, brought about by the equalizing effect of the boiler 
fires which are served jointly with the garbage furnace by one stack. 
No damper is provided in the flue by means of which the draft may be 
regulated, and its absence permits an excessive heat loss with the furnace 
rt high fire. 

Flue Gas Analyses. Samples of the gases from the furnace were 
taken at intervals during the test and analyzed at the plant. In general, 
the analyses indicated a very satisfactory degree of combustion and give 
results which are better than those obtained from other incinerators in_ 
the state. The average of all analyses shows the following percentages: 
COj, 8.2 per cent.; O,, 10.6 per cent.; CO, 0.65 per cent. 

Odors. During the progress of the test, no opportunity was had 
for noting odors in the vicinity of the plant. On the day previous, how- 
ever, an inspection at ,a distance of 1000 feet from the plant failed to 
reveal the presence of objectionable odors arising from the burning of 



Ashes from Garbage. The ash produced by the burning.of the gar- 
bage was of a dark grayish color, very finely divided, and contained no 
bits of unburned material. Its appearance, however, indicated a quantity 
of unburned carbonaceous matter. No odor was apparent. The total 
weight of the ashes was 583.5 pounds, representing 5,1 per cent, of the 
garbage placed within the cell. A sample of the ash showed the pres- 
■ence of 1678 per cent, combustible matter, and a calorimetric determina- 
tion showed 1 136 B. T. U. 

MARION. 

One test was conducted at the crematory at Marion on October 28 
and 29, 1909. The test consisted in observing the conditions attending 
the cremation of two days' collection of garbage and other refuse re- 
■cdved at the plant. The usual methods of operation employed by the 
operator were followed, and, as far as could be determined, the con- 
ditions attending the test, including the quantity and character of the 
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refuse received, the handling of the (ires, etc., were typical of the average 
conditions. All garbage and refuse delivered at the plant during the two 
days of the test were burned. The test was begun at 10:40 A. M., 
October 28th, aiid continued until 11 40 P. M., October 29th. During 
this time, excepting an interval of 14.5 hours, from 5 :oo P. M., October 
28th, until 7:30 A. M,, October 29th, the furnace was in operation and 
observations were made of the test. The total lengEh of the test was 
therefore 37 hours, of which time the furnace was in operation 22.5 hours. 
At the end of the test, when it was observed that all of the material had 
been converted into an ash. the furnace was allowed to cool and the 
.ashes were removed, weighed and sampled. Tables Nos. 92 and 93, re- 
spectively, give the observations and data relating to the conditions of 
the test and results obtaineci. 
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TABLE XO. 93. 

DATA ON CREMATORY TEST AT MARION, OCT. 28-29, I909- 



Duration of test (hours) 

Quantity of garbage destroyed (lbs.) 

Quantity of mixed garbage and rubbish destroyed (lbs.) . . .■ 

Quantity of night soil destroyed (lbs.) 

Total refuse destroyed (lbs.) 

Time required to burn all refuse (hours) 

Number of hours during which fuel was used 

Quantity of refuse destroyed per hour per square foot graie area.. . 

Quantity of refuse destroye<l per hour during use of fuel 

Quantity of refuse destroyed per hour during use of fuel per squar< 

f oof grate area 

Average percentage moisturi 

Weight of ashes from refuse (lbs.).. 

Percentage of total refuse 

Gas used (cubic feet) 

Average gas per hour of firing (cubic feet) 

Gas per pound refuse destroyed (cubic feet) 

Heating value of fuel (B, J, U, per cubic foot) (estimated) . 

B. T. U. in gas per pound refuse destroyed 

Fuel cost per ton refuse destroyed 

Average temperature in combustion chamber, degrees F 

Maximum temperature in combustion chamber, degrees F 

Average flue temperature at ba.ie of stack, degrees F 

Average furnace room temperature, degrees F 



Refuse Destroyed. All refuse was placed within the cell immedi- 
ately upon its arrival at the plant. In general, the refuse received dur- 
ing the test was made up of three classes, namely, garbage, which con- 
sisted largely of vegetable wastes ; mixed garbage and rubbish, obtained 
largely from cominission houses, groceries, etc. ; and night soil. The 
following quantities of these wastes were destroyed: 

Garbage 3,955 pounds. 

Mixed garbage and rubbish I,48o pounds. 

Night soil 7,005 pounds. 

This material was introduced into the furnace according to the fol- 
lowing schedule, which corresponds to the time of arrival of the collec- 
tion wagons : 
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Time. 




Class of 


Refuse. 


Weight 

(lbs.) 




10:40 A 

3;00 P 

3:30 P 

7:40 A 

8:20 A 

8:20 A 

9:45 A 

9i50 A 

11:00 A 

11:40 A 


Garbage 


1825 


Oct. 28, 


Mixed garbage 


and rub 




1.335 








Oct. 29, 




365 








Oct. 29, 


Mixed refuse 






160 
















Oct. 29, 


Garbage 


1,575 















The garbage received was entirely of household origin and consisted 
almost entirely of vegetable wastes. Its moisture content was very 
high, and the loads contained a large tjuantity of free water. Two com- 
posite samples' were collected on October 28 and 29, respectively, and 
their analyses gave the following averages: 

Moisture 78.."] per cent. 

Ash 2,n."i per cent, 

ComDustible If^-SO per cent. 

Ether extract 4..JI per cent. 

Phosphoric acid. PiO-. 0.18 per cent. 

Kjeldahl nitrogen 0.57 per cent. 

Potash, K,0 0.2:i per cent. 

Calorific y.iluc, B. T. U ., l,92.j 

The mixed garbage and rubbish was collected principally from com- 
mission and jobbing houses, and although it contained a large percentage 
of combustible material, it was, nevertheless, rather wet and of itself not 
rea<Iily combustible. 

In dumping the garbage, this class of material was placed upon that 
portion of the evaporating floor near the fire boxes of the cell, where it 
could be brought under the direct action of the flames. The night soil 
was placed upon the evaporating floor about mid-way between the fire 
boxes, and by a slow process was dried and consmned. The last refuse 
was placed within the cell twelve hours before the completion of the 
test. 

The opening of the furnace for the introduction of refuse caused 
some lowering of temperature within the cell, and this was especially true 
when a load of garbage was dumped. The emptying of the thirty cans 
contained in such a load required that the furnace be kept open about 
fifteen minutes. 

Use of Fuel. The consumption of gas during the test was main- 
tained fairly constant, tiie valve being regulated to produce a good mix- 
ture of gas and air for proper combustion. Fluctuations in the gas 
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pressure, however, made an accurate regulation impossible, and a varia- 
tion in the amount of gas consumed per hour resulted. The gas burner 
in the easterly fire box was used during the greater portion of the test, 
but the burner in the westerly fire box was employed from 2 130 p. m. to 
4:00 p. m., October 28, and from 5:30 p. m. to 11 -.40 p. m., October 29, 
During these periods the east burner was not used. It was necessary to 
change the fires in this manner in order to accomplish the destruction of 
that portion of the refuse upon the evaporating floor near the westerly 
fire box farthest removed from the other fire. The total consumption 
of gas during the test was 38,270 cubic feet, which represents a fuel cost 
of $0,915 per ton of refuse destroyed, and a use of 3355 B. T. U. per 
pound of refuse destroyed. These high values are accounted for large- 
ly by the character of the material burned. 

Stoking. During the early portion of the test and until i :30 p. m., 
October 29, stoking was infrequent. After this time, however, the 
refuse was stoked at intervals averaging 28 minutes until it was entire- 
ly destroyed. When the refuse is burning, stoking becomes necessary, 
as no draft can be carried through the material and its combustion must 
be brought about by heat and air supplied from above. If the ash is al- 
lowed to remain covering the unburned material, it forms a protecting 
shield which prevents further combustion. 

The reguJar'firing conditions made possible by the use of gas, pro- 
duced a regularity of the temperature conditions within the furnace. In 
general, it was noted that the temperature increased gradually with the 
progress of firing, but other variations tended to create fluctuations in 
the temperature, which were made apparent by the measurements. The 
introduction of large quantities of refuse produced marked decreases in 
the temperature of the cell. The reversing of the draft within the fur- 
nace also lowered the temperature of the cell appreciably. 

The measurements in general show that insufficiently high tempera- 
tures were reached. The average of all readings taken was 810 degrees, 
and the maximum cell temperature was 1140 degrees, this point being 
reached during the last half hour of the test. The flue temperatures were 
low, averaging 290 degrees. These temperatures are lower than should 
be expected, as they were taken at the base of the stack only a few feet 
from the furnace itself. The flue temperatures should be more nearly 
comparable with the furnace temperatures, and the fact that they are 
not indicates a large leakage of cold air into the flue. 

Draft. The strength of the flue draft was largely dependent upon 
the temperature of the furnace, but the fluctuations were kept within 
narrow limits by the handling of the dampers placed in the stack flue. 
The average draft reading was 0.29 inch, the maximum being 0.41 inch. 

Flue Gas Analyses. At frequent intervals during the test, samples 
of the flue gas were taken from the stack. Twenty samples in all were 
analyzed and very little fluctuation in their composition was noted. The 
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average of all analyses was as follows : CO^, 1.2 per cent. ; Oj, 18.7 per 
cent. ; CO, o per cent. The analyses show that the flue gas at all times 
contains a large percentage of air, and the products of combustion 
fonned but a small part of the total. This air probably enters through 
poorly fitted doors opening into the stack flue. 

Ashes from Furnace. The ash produced by the combustion of the 
garbage was of a grayish brown color and was apparently well burned. 
It possessed no offensive -odor. The ash from the night soil was of a 
light grayish color, and consisted of an impalpable powder without odor. 
, The total weight of the ashes removed from the furnace was 933.5 
pounds, representing 7,45 per cent, of the total refuse destroyed. Samples 
of the ashes were collected and gave the following analyses ; 

Garbage Ash. Night Soil Ash. 

Combustible 12.24 per cent 1.22 per cent.- 

Noii-combustible 87.76 per cent. 98.78 per cent. 

Calorific value B. T. U 468. none 



STEUBEWILLE. 

Furnace tests were conducted at the garbage crematory at Steuben- 
ville on September 23 and 24, 1909, during which the independent opera- 
tion of the eells was studied. In the first test an attempt was made to 
operate the plant with a continuous draft through both cells and to study 
the results thus accomplished, but owing td the failure to secure sufficient 
draft for this purpose it was necessary to abandon the attempt and op- 
erate with a direct draft to the stack. The ordinary operation of the 
plant was therefore employed during each test. The conditions of firing, 
stoking, draft, etc., were maintained according to the usual custom of 
the operator. One day's collection of garbage and rubbish was de- 
stroyed during each test and the usual observance recorded. In table 
No. 94 are presented the data of principal interest regarding the tests. 
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TABLE NO. 94. 

DATA ON CREMATORY TESTS AT STEUBENVILLE. 





Sept. 23, 
1909. ■ 


Sept. 24, 
1909. 




6.33 

No. 1 

7,830 

1.775 

9,605 
6.33 
6.33 

1,237 

12.95 

1.237 

12.95 
75.5 
?88' 
9,2 
2,447 
4S0 
2,637 
416 

11.6 

674 

548 
12,625. • 
5.400 
4,264 
3.459 
$0.51 

689 

895 


7.0 








6,400 












7.0 








914 


Quanlity of garbage destroyed per hour per square foot grate 
area (lbs ) 


9 57 


Quantity of garbage destroyed per hour during use of coal 




Quantity of garbage destroyed per hour during use of coal 






76.6 




















2,636 






Equivalent coal used per hour per square fool ijrate area 






824 




736 


Heating value of coal (B. T, U.l 


12.6-25. 


Heat units in equivalent coal used per pound of garbage 

Heat units in equivalent coal used per pound of total refuse. . 


5.201 
4,646 


Average temperature combustion chamber, degrees F 


742 
850 



* Ashes from garbage and fuel weighed together. Weight of garbage 
estimated by deducting weight of ashes from fuel assumed to be 12 per ce 
total weight of fuel. 

TILST Ol' 



. of 



pTEMiiKR 23, lyog. 
On the day previous to this test, one of the cells (cell No. i> was 
cleaned thoroughly and allmved to cool. Before the fires were started 
oil September 23, 7,830 pounds of garbage were contained within the 
cell. The fires were started at 9:40 A. M. and continued in use until 4:00 
P. M., when it was observe<l that the garbage was almost completely 
burned. During the first hour of this test an attempt was made to 
conduct the draft through the idle cell of the fitrnace, but this proved a 
failure and it became necessary to operate the cell with a direct draft. 
After the garbage had burned out the cell was permitted lo cool until 
the following morning, when the ashes were removed and weighed. 
Table No. 95 contains observations made during the test. 
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Refuse Destroyed. During this test, 7,830 pounds of garbage and 
1,775 pounds of rubbish were destroyed. The entire quantity of garbage 
was contained within the cell when the fuel fires were started and the 
rubbish was introduced during the day as follows : 

Weight of Rubbish 
Time. (Pounds'). 

9:(I0 A '. 300 



10:10 A. , 

2:20 P. , 

2:40 P. , 

2:50 P. , 

4:15 P. . 



The garbage destroyed was entirely kitchen refuse containing a hig^h 
percentage of moisture, and in comparison with the garbage of other 
cities of Ohio, a large quantity of rubbish. A cfMnposite sample of the 
material was collected at the time of dumping, and its analysis was as 
follows : •. 

Moisture 75 per c 

Ash 3.59 per c 

Combustible 20.91 per c 

Ether extract 4 . 15 per c 

Phosphoric acid, P-0. 0.20 per c 

Kjeldahl nitrogen 0.57 per c 

Potash, K,0 ■ 0.27 per c 

Calorific value, B. T. U 2,100 

Inasmuch as all the garbage was introduced into the furnace previ- 
ous to the starting of the fires, it had no effect upon the temperature. 
The introduction of rubbish required but a small period of time, not 
exceeding one minute to each charge, and the cooling of the furnace 
brought about by this operation was not appreciable. 

Use of Fuel and Methods of Firing. The firing of the furnace was 
cared for by the operator at the plant. According to usual custom, the 
fires were started with the use of about 150 pounds of wood to each fire 
box, and coal was used thereafter. A sample of the coal contained 89.93 
per cent, moisture and combustible matter and 10.07 P^"* i^ent. ash. 

The firing was faulty in that the fuel was applied in large quantities 
at infrequent intervals, and very little attention was given to keeping 
the grates free of clinkers and the fuel beds level, covering the grates 
uniformly. Air holes in the fires were numerous, therefore, and pre- 
vented the production of the maximum temperature. 

Stoking. No stoking was done during the first three hours of the 
test while the furnace was heating up and before combustion had actually 
started to take place. Between 11 :30 A, M. and 5:30 P. M,, however, 
stoking was done at intervals averaging 30 minutes. For this purpose 
the furnace doors were open during a total period of 40 minutes, equiv- 
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alent to 15 per cent, of the length of the test. In the latter portion of 
the day the dried garbage was removed to the fuel fires, as has been pre- 
viously outlined. By this means the garbage was made to act as a fuel 
and served this purpose after 4:00 P. M., at which time the last coal 
was used. 

Temperatures. After the starting of the fires, the temperatures in 
the furnace increased very slowly. After two hours of firing, the average 
temperature of the cell was only 500 degrees F. At this time the first 
observations were recorded. The temperatures maintained over the fuel 
fires throughout the test were very much lower than is required to secure 
the proper destruction of the garbage. The maximum temperature re- 
corded was 1390 degrees, and it is probable that at no time during the 
test was the temperature greater than 1500 degrees. The temperature 
produced within the cell at all times during the test was very low, the 
maximum, 895 degrees, being recorded toward the end of the day. The 
average of all readings taken within the cell was 689 degrees, which is 
entirely too low for proper combustion. No measurement of the tem- 
perature of the flue gas was possible, but it is likely that the large dilu- 
tion of air apparent in the flue gas analyses tends to keep the temperature 
of the flue gases very low. 

Draft. The chimney draft was indicated by draft g^es placed at 
the base of the stack. The indicated strength of the draft at all times 
was satisfactory, but within the fiirnace visual observation did not in- 
dicate that all of the gases passing up the stack were drawn through the 
grate openings. It is probable that a large leakage of air through the 
doors of the furnace and into the stack flue occurred. It is obviously im- 
possible to secure proper draft conditions operating each cell inde- 
pendently,' owing to the arched opening between the cells, which will 
always perhiit the passage of Jarge volumes of cold air from the idle 
furnace. This was undoubtedly the case during this test, as well as the 
succeeding one, and presents a logical reason for the low temperatures 
within the furnace. 

h'lue Gax Analyses. At intervals throughout the test samples were 
collected from the base of the stack and analyzed in an Orsat apparatus 
at the plant. These analyses do not form a basis for judgment of the 
quality of the products of comibustion, but, as would be expected, repre- 
sent a very great dilution by air, which reaches the stack, as previously 
described. The average of seven analyses collected between 11:20 .\. M. 
and 4 :45 P. M. indicates the following ; 

CO;, 1.6 per cent.; O,, 19.1 per cent.; CO. o.i per cent. 

Odors. Within the plant, especially on the lower floor, no odors 
were noted. On the charging floor odors \yere apparent only while the 
garbage was being dumped. These odors were not penetrating and 
probably could not be noted at a great distance. Xo observations were 
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made at distances away from the plant during the test. On the day 
previous, however, Very objectionable odors were noted in the down town 
business district of the city. Inquiry failed to reveal the fact that seri- 
ous complaint against the objectionable odors is made by persons residing 
or engaged in business in the vicinity. During the test the gases leaving 
the stack were observed at intervals. The characteristic light-colored 
garbage smoke was noted during the latter half of the test, but was not 
in evidence before that time. 

Ashes from Refuse. The ashes from the refuse and from the fuel 
were taken from the furnace together and no separation was possible. 
With the assumption that the ashes and unburned material produced by 
the fuel was 12 per cent, of the fuel used, the weight of the ashes from 
the refuse was calculated to be 888 pounds. This represents 9,2 per cent. 
■of the total refuse destroyed. It was possible to obtain a fair sample of 
the garbage ash, and its analysis showed the presence of 12.45 P^r cent, 
combustible matter. 

TEST OF SEPTEMBER 24, I9O9. 

For this test, cell No. 2 of the furnace, which was idle the preceding 
day, was employed. At the time of starting, the cell was cold and con- 
tained 6400 pounds of garbage. The fires were started at 8:30 a. m., 
.and were used continuously until 2 :^o p. m., when it was apparent that 
no more coal would be required to complete the combustion of the gar- 
bage. The garbage had apparently completely burned at 3 130 p. m., 
when the test was concluded. After the furnace had cooled the ashes 
were removed and weighed. Table No, 96 contains the principal ob- 
servations made during the test. 
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Refuse Desiroyed. During this test, 6400 pounds of garbage and 
750 fKJunds of rubbish were burned. The entire quantity of garbage wras- 
placed within the cell before the fires were started. The rubbish was- 
introduced during th^ test as follows: 

Time. Weight of Rubbish. 

11:30 A. M 250 pounds 

3:10 P. M 500 pounds 

The garbage was enlirely of household origin of about the same ap- 
pearance as that destroyed on the preceding day. A composite sample- 
collected at the time of dumping gave the following analysis : 

Moisture 76.6 per cent. 

Ash 2.85 per cent. 

Combustibk- 20.55 per cent. 

Ether extract 2,73 per cent. 

Phosphoric acid, P.Oi 0.14 per cent. 

Kjeldahl nitrogen 0.54 per ce!«. 

Potash, K-O 0,29 per cent, 

Calorilic- value, B. T. U. .' 1^90 

The rubbish was entirely combustible matter, consisting largely of 
wood and paper. Its introduction into the cell was quickly accomplished 
and resulted in no appreciable cooling. 

Use of Fuel and Method of Firing. The same quality of fuel was- 
used and practically the same conditions of firing were maintained dur- 
ing this test as on the preceding day. The coal was added in quantities 
averaging 136 pounds for each fire at intervals averaging 50 minutes. 
The fires were not. kept clinkered, the fuel beds were not maintained 
level, or the grates completely covered. 

Sloking. From 9:40 a. m. until 3:qo p. m., the garbage was stoked 
frequently at intervals averaging 30 mimites, and the furnace was open 
for this purpose a total of 62 minutes, or 14 per cent, of the length of the 
test. Toward the latter portion of the day the garbage was removed 
from the primary grates and burned out tipdn the evaporating floor and 
in the rtreboxes themselves. 

Temperatures. In general the temperature conditions corresponded 
to those of the previous day. The heating of the cell took place very 
slowly and satisfactory temperatures were not obtained at any time dur- 
ing the day. The temperatures in the fire boxes were so low that proper 
combustion of the garbage wa^s not possible. The maximum temperature 
within the cell was 850 degrees, occurring toward the end of the test, 
and the average temperature was 742 degrees. No flue temperatures - 
were taken. 

Draft. As during the preceding test, the indicated draft was satis- 
factory, but observation of the cell indicated improper draft conditions 
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within it. Only at the end of the furnace near the flue was a noticeaMy 
strong draft apparent. 

Flue Gas Analyses. The flue gas samples, collected at intervals dur- 
ing the test, indicated in general the same results as those of the pre- 
ceding day. A very large dilution by air was shown. The average of 
the six analyses gave the following percentages: CO,, 1.5; 0„ 19.1; 
CO, o ; nitrogen, 79,3. 

Ashes from Refuse. The ashes taken from the furnace were mixed 
and the garbage ash was estimated to weigh 726 pounds. This repre- 
sents 10.2 per cent, of the original weight of the refuse destroyed. The 
ashes from the material had about the same appearance as those pro- 
duced on the previous day, being of a dark grayish color and possessing 
a slight odor, 

ZANESVILLE, • 

Tests were conducted at the garbage crematory at Zanesville on 
August 26 and 27, 1909, and on April 22, 1910, for the purpose of ob- 
serving the results accomplished under ordinary operating conditions. 
The general conditions attending each of these tests were essentially flie 
same, and the methods of operation were those commonly employed at 
the plant The first test included the cremation of one day's collection 
of garbage ; the second test, one-half day's collection ; and the third test, 
one and one-half day's collection. In table No. 97 the principal items 
relating to the conditions and resuhs of the tests are given. 
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TABLE NO. 97, 

DATA ON CREMATORY TESTS AT ZANESVILLE, 



Duration of lest (hours) 

euantity of garbage destroyed (lbs.) . 
uantity of mixed garbage and rubbish destroyed 

(lbs.) 

Quantity of total refuse destroyed (lbs.) 

Time required to bum garbage (hours) 

Quantity of garbage destroyed per hour (lbs,)... 
Quantity of tola! refuse destroyed per hour (lbs,) 
Quantity of garbage destroyed per hour per stj, 

ft, grate area (lbs,) 

Quantity of lotal refuse destroyed per hour per 

sq. ft, grate area (lbs.) 1 

Average percentage moisture in garbage 

Weight of ashes remaining (lbs.)* 

Per cent ashes of total weight of refuse 

Coal used in garbage cell (lbs.) .... 

Wood used in garbage cell (lbs.) 

Equivalent coal used in garbage cell (lbs,)... 
Equivalent coal used in garbage cell per hour 

(lbs,) 

Equivalent coal used in garbage cell per hour per 

sq. ft grate area ( lbs. ) 

Equivalent coal used in garbage cell per pound 

of garbage (lbs.) 

Equivalent coal used in garbage cell per pound 

total refuse destroyed (lbs.) 

Heating value of coal (B. T, tJ.) 

Heating value of wood (B. T. U) (estimated) 
Heating units in fuel used per pound of garbage 

(B, T. U.)^ 

Heating units in fuel used per pound of lotal 

refuse (B. T. U,) 

Fuel cost per ton of garbage destroyed 

Fuel cost per ton of total refuse destroyed... 
Coal used in gas consuming furnace (lbs.). 

Number of hours in use 

Coal used in gas consuming furnace per hour 

(lbs.) _ 

Coal used in gas consuming furnace per hour per 

sq. ft. grate area (Ibfi.) 

Coal used in gas consuming furnace per hour per 

pound of garbage (lbs,) 

Total equivalent coal used per ton garbage (lbs.). 
Total equivalent coal used per ton total refuse 

destroyed (lbs.) ' 

Average temperature garbage cell, degrees F 1 

Max, temperature, garbage cell, degree F I 

Average flue temperature , degrees F ' 

Average furnace room temperature, degrees F. ..| 



3,325 

11,025 

7.0 
1,100. 
1,575 


3,755 
16,725 

8.3 
1,562 
2,015 


11.3 


16.0 



3,961 
2.646 
5,230 



eighed together. Garbage ash t 
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TEST OF AUGUST 26, 1909. 

On the day previous to this test the furnace was thoroughly cleaned 
and on the morning of August 26, before starting the fires, its tem- 
perature was but slightly above tliat of the air. The fuel bed was placed 
within the furnace at 5:36 A. M. Immediately over the grates a layer of 
coal, 4 to 6 inches in thickness, was placed, 2535 pounds of coaJ being 
used tor this purpose. Above the coal, heavy cord wood was placed in a 
layer i8 inches in thickness. The wood used for this purpose weighed 
1800 rtoiinds. In addition, 333^ pounds of light kindling was used for 
-starting the fire. 

At 7:00 A. M. the fires in the gas consuming furnace were started 
and immediately afterward the fuel in the main furnace was ignited at 
several points. After the starting of the fires three loads of garbage 
(.7650 [jounds), which had been collected during the previous day, were 
clumped through the central charging holes, directly into the furnace. The 
greater portion of the garbage rested upon the tubular V-shaped grates, 
but a large quantity passed the tubular grates and banked the fuel bed 
below. This retarded the fire and the fuel burned only at the points 
where it was originally ignited. It was necessary to add coal at these 
points at various times and stoke the garbage to them to prevent the 
formation of large holes in the fuel bed. Following the introdiicticm of 
this first charge of garbage, the tires progressed slowly, increasing grad- 
ually in intensity, but did not attain a high temperature. Miscellaneous 
refuse was dumped into the cell ai various times during the morning, but 
the quantities were rather .small and probably had no efTect in retarding 
the fire. A second charge of three loads of garbage {7550 pounds) was 
placed within the furnace from 10:00 to 10:30 A. M. This cooled the 
furnace about 300 degrees and increased appreciably the thickness of 
the layer of garbage over the fuel bed. Up to this point the fuel had 
"burned out but slightly and was ignited only along the ends of the 
furnace where the tires had originally been started. The increase in 
temperature was ver}' slow and irregular until the latter portion of the 
test, when the remaining fuel and the dried garbage burned out rapidly, 
producing a fairly high temperature. The test was concluded at 2:40 
P. M.. at which time the fires died down. Table Xo. 98 contains the 
princi])al observation.^ nuule during this test. 
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Refuse Destroyed. During the test, 15,200 pounds of garbage and 
1450 pounds of mixed garbage and refuse were burned. The material 
was introduced into the furnace as follows: 



Class of Refuse. 



7:00 A.. 

7:20 A.. 

7:25 A.. 

7:30 A.. 

8:15 A.. 

8:30 A.. 

9,45 A.. 
10.00 A.. 
10.15 A,. 
10:35 A.. 
11:15 A.. 



I 

. . I Garbage 

. .1 Mixed refuse . 
-I Mixed refuse . 
{ Mixed refuse . 
Mixed refuse . 
Mixed refuse . 
Mixed refuse . 

Garbage 

Garbage 

Garbage 

Mixed refuse . 



The garbage delivered by the city wagons was very wet and was 
made up largely of potato parings, melon rinds, and corn husks. It 
contained very little rubbish. Its weight averaged 1288 pounds per cubic 
yard. The miscellaneous refuse was largely from commission houses 
and groceries, and was principally dry and easily combustible material, 
A. composite sample of the garbage was collected and gave the following 
analysis : 



Moisi 



3.5 per c 



Ash 2.27 per 

Combustible 14.23 per 

Ether extract 1 .74 per 

Phosphoric acid, (PiOO 0.15 per 

Kjeldahl nitrogen 0.30 per 

Potash, K,0 0.25 per cent 

Calorific value, (B. T, U.) 1,331 



All of the garbage and refuse was placed within the furnace di- 
rectly, no attempt being made to employ the side hoppers for draining. 

Use of Fuel and Methods of Firing. In addition to the fuel re- 
quired to build the fuel bed, 500 poimds of coal were used during the 
test in the main incinerating furnace. This coal was added when neces- 
sary in order to replace that burned out from the fuel bed at points 
along the ends of the furnace where combustion was facilitated. In the 
gas consuming furnace, 279 poimds of coal were used. The use of coal 
in the gas consuming furnace was very irregular and the fires were 
maintained in poor condition. It should be noted that it is dfficult to 
maintain the fires within the gas consuming furnace at a high temperature, 
owing to the fact that the excessive draft which passes directly over or 
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through the fire tends to create a large air excess which cools the prod- 
ucts of combustion. 

Stoking. During the test, at all times, except during the last 30 
minutes, two men were employed almost constantly in stoking the gar- 
bage. The design and methods of operation of the furnace make this 
constant stoking necessary. The stoking consists principally in raking 
the garbage from the center of the cell to the ends. No burning takes 
place at the center of the furnace except at the end of the day; but at 
both ends of the furnace near the fire doors the fuel and garbage burn 
actively. 

Temperatures. The results of the temperature measurements within 
the garbage cell indicate the poor results accomplished by the furnace. 
The average of all readings was 550 degrees, the maximum temperature, 
743 degrees, being attained toward the end of the test. These tempera- 
tures are entirely too low for proper combustion. Moreover, the 
temperatures reached over the fires in the gas consuming furnace aver- 
aged only 732 degrees, and it is therefore apparent that these fires ac- 
complished nothing in the way of completing the combustion and 
deodorizing the products from the main furnace. 

Draft. No dampers for the control of the draft are provided, and 
its strength is, therefore, dependent upon temperatures. During the early 
pt>rtion of the test the draft through the main furnace was very low, 
owing to the blanketing effect of the garbage, which prevented the pas- 
sage of air through the grates. The gas consuming furnace pennits a_ 
large leakage of air into the flues through its various openings, and this 
is an explanation of the large air excess indicated by the flue gas analyses. 

Flue Gas Aitalyscs. Samples of the flue gas were taken at intervals 
during tiie test. No very wide fluctuation is shown in the composition 
of the flue gas during the greater portion of the test, and fairly constant 
conditions vvere maintained until the rapid burning of fuel garbage during 
the last half hour of the test. At this time the indicated quality of the 
combustion was much improved. The average of all flue gas analyses 
gave the following percentages: CO-, 2.7; O., 17.5; CO, 0.2; nitrogen. 
79.6. 

Ashes from Garbage. The ashes from the fuel and garbage were 
mixed and it was impossible to weigh each separately. The total ashes 
were weighed, however, and with the former assumption that the fuel ash 
represents 7 per cent, of the total fuel, the weight of the garbage ash 
was calculated to be 518 pounds, lopresenting 3.1 per cent, of the total 
refuse burned. This indicates very complete destruction. A sample of 
the mixed ashes was found to contain 8.8 per cent, moisture, 28.94 per 
cent, combustible, and had a calorific value of 2197 B, T. U. 
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TEST OF AUGUST 27, igog. 

No collection of garbage was made on the afternoon of August 26^ 
and it was therefore impossible to begin the second test on August 27, 
in the early morning. The fuel bed was prepared as on the preceding 
day by the use of 1877 pounds of coal, 1521 pounds of cordwood, and 
180 pounds of kindling. The fires were ignited in the main incinerating 
furnace and in the gas consuming furnace at 9:55 A. M., immediately 
previous to the introduction of 7700 pounds of garbage, which arrived 
at that time. The test was conducted similarly to the previous one and 
was concluded at 5 :oo P. M., when the fuel and garbage had burned out 
completely. Table No. 99 contains the principal observations made during 
the test. 
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Refuse Destroyed. During this test a total of 7700 pounds of gar- 
bage and 3325 pounds of mixed garbage and rubbish were destroyed. 
The refuse was introduced into the cell as follows : 



Time. 


Class of Refuse. 


Weight 
(lbs.) 


Remarks. 


7:30-10:10 A. 


Mixed garbage and rub- 
bish 


3,225 

2,900 
3,000 
1,800 

100 








fore fires were started. 














10:50 A 


Mixed garbage and rub- 











The garbage was of about the same character as that burned on the 
previous day, being very wet and compact and consisting almost entirely 
of vegetable wastes. Its weight averaged 1305 pounds per cubic yard. 
The mixed refuse was of miscellaneous character, but the larger portion 
was dry and easily combustible. A composite sample of the garbage was 
collected and gave the following analytical results: 

Moisture 84.0 percent. 

Ash 1 .66 per cent. 

ConibiiPfibie 14.34 per cent. 

Ether extract 1.64 per cent. . 

Phosphoric acfd, P:0; ." 0.09 per cent. 

Kjcliiahl nitrogen 0.29 p_er cent. 

Potash, K,0 0.27 per cent. 

Calorific value. B. T. U 1,305 



Us^ of Fuel and Methods of Firing. In addition to the fuel used 
in building the fuel beds, 380 pounds of coal were used in the main 
furnace to replace that burned out near the (ire doors. In the gas con- 
suming furnace 204 pounds of coal were used. The fires were main- 
tained improperly as during the preceding test, and no high temperatures 
were produced. The coal used in both furnaces was of the same quality 
as that used on the preceding day. 

Stoking. Throughout the test stoking was carried on frequently 
and, as during the preceding test, this required the almost constant at- 
tention of two men. The ga.rl)age was gradually removed from the cen- 
tral portion of the cell to the ends of the furnace, where combustion 
takes place. 

Temperatures. In preparation for this test a larger amount of fuel, 
in proportion to the garbage, was used than on the preceding day, and 
the result was a somewhat higher , average temperature within the 
furnace. The high temperatures did not, however, manifest themselves 
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until the latter portion of the day, when the fuel burned out rapidly. At 
this time a- temperature of i,68o degrees was recorded. An average, 
including all observations, was 760 degrees. The temperature of the 
flue gases, except at the end of the test, was below 700 degrees, and their 
temperatures were not increased appreciably by passing over the fires in 
the gas consuming furnace. Several observations showed that the tem- 
peratures over the fires in the gas consumer were at times lower than the 
temperatures of the flue gases themselves. 

Draft. The draft conditions during this test were similar to those 
of the preceding one. The strength of the draft was entirely dependent 
upon temperature conditions and the facility of passage of air through 
the grates of the furnace. The draft was rather sluggish within the 
main furnace, except at the end of the test. The draft through the fires 
of the ga« consuming furnace was, however, strong at all times and pre- 
vented the production of high temperatures at this point. 

Flue Gas Analyses. During the test, eight samples of flue, gas were 
analyzed. The analyses in general showed a large air excess in the flue 
gas, and the presence of CO indicates that this air excess reaches the 
flue through leaky points in the gas consuming furnace and does not origi- 
nate by passage through the grate to the main furnace. In general, poor 
combustion is shown. The average of all the analyses gives the follow- 
ing percentages. CO^, 4,2; O,, 16.8; CO, 0.2; and nitrogen, 78.8. 

Ashes from Furnace. The ashes from the fuel and refuse were 
weighed together, and upon the assumption that the fuel ash was 7 per 
cent, of the total fuel used, the garbage a^ies were calculated to weigh 
685 pounds. This represents 6.2 per cent, of the total refuse destroyed. 
While this figure is somewhat higher than that of the preceding test (3.1 
per cent.}, it should be noted that a much larger percentage of dry rubbish 
was received, from which a higher percentage of ash is produced. The 
ashes were finely divided, contained no visible unburned material, and 
had little odor, 

TEST OF APRIL 22, ICJIO. 

During this te.st the garbage and rubbish collected for one and one- 
half days was destroyed. The fuel bed was prepared on the morning 
of April 21 with the use of 3,221 pounds of coal, 2,120 pounds of cord- 
wooil, and 526 pounds of kindling. On April 21 the garbage and rubbish 
arriving at the plant was immediately dumped into the furnace, and at 
the time the fires were started, at 6:40 A. M. April 22, the furnace con- 
tained 8,910 pounds of garbage and 2,515 pounds of mixed garbage and 
ndibisli. The lest was conducted according to the same methods of 
operation as obtained during the preceding ones. It was concluded at 
3 :oo P. M. April 22, when the reufse had been completely burned. Table 
No. 100 contains the principal observations made during the test. 
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Refuse Destroyed. Diiringjhfs test 12,970 pounds of garbage and 
^,265, pounds of mixed refuse were destroyed. The entire collection of 
April 21, the day previous to the test, was introduced to the furnace 
upon its arrival, and the material rested upon the fuel bed during a 
period of twelve hours or more before the fires were started. This caused 
a dampening of the fuel and reduced its heating value appreciably. The 
garbage and mixed refuse were introduced into the furnace as follows : 



Time. 


Class of Refuse. 


Weight. 


Remarks. 


April 21, 6:30 A. to 


Mixed garbage and 


2,515 

8,910 

200 

35 

170 
1,640 
2,420 

700 

135 


Introduced on 
viooa to tes 

Introduced on 
vioos to tes 








April 21, 10:30 A. to 


Garbage 

Mixed garbage and 


day pre- 


April 22, 7:00 A 


April 22, 8:00 A 


Mixed garbage and 




April 22, 8:15 A 


Mixed garbage and 




April 22, 10:30 A 

April 22, 10:40 A 

April 22, 11:00 A 


Garbage 

Garbage 

Mixed garbage and 




April 32, 2:30 P 


Mixed garbage and 











The garbage destroyed during this test was very wet and compact 
and consisted almost entirely of spring vegetable wastes. It contained 
only a small amount of rubbish. Its weight averaged 1,168 pounds per 
■cubic yard.. The miscelianeous refuse was largely commission and grocery 
wastes and was in a large measure dry and easily combustible. A sample 
of the garbage was collected at the time of dumping and gave the fol- 
lowing analytical results; 

Moisture 79.4 per c 



Ash 



9 per c 



Combustible 17.11 per c 

Ether extract 2.45 per e 

Piiosphoric Acid, P-Or, 0.14 per c 

Kjeldabl nitrogen 0.46 per c 

Potash K,0 0.31'per c 

Calorific value (B. T. U.) 1,611. 

Use of Fuel and Methods of Firing. In addition' to the fuel used in 
■starting, 740 pounds of coal were added to the fires in the main cell, 
and 1,300 pounds in the gas consuming furnace. The firing of the gas 
consumer was very much more regidar than during the preceding tests 
and generally higher temperatures were created. The effect of a strong 
draft upon the fires was noted, however, and it is apparent that it is im- 
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possible to produce steady and high temperatures within the furnace. 
The fires in the gas consumingf furnace were allowed to die down about 
one hour, before the end of the test. The coal used was of good quality, 
burning with a small amount of clinker. Its calorific value was 11,374 
B. T. U. The wood was rather green cordwood of various kinds. 

Stoking. Stoking was carrier! on very frequently, as observed in 
the preceding test. A record of the stoking during this test showed that 
the furnace received attention at intervals of thirteen minutes during the 
entire day. 

Temperatures- Within the garbage cell no high temperatures were 
reached until i :30 P. M., about one hour before the end of the test. At 
this time the maximum temperature of the cell was recorded. The aver- 
age of all readings taken was 737 degrees, and the maximum was 1,250 
degrees. The temperature of the flue gases was below 700 degrees dur- 
ing the greater portion of the test, and comparative temperatures, taken 
before and after passing through the gas consumer, did not indicate an 
appreciable increase by passage over the fires in the furnace. During this 
test a total of 1,275 pounds of water were evaporated in the crown, and 
the maximum steam pressure attained was 45 pounds per square inch, 
at 2:00 -p. M. 

Draft. The same improper draft conditions noted in previous tests 
obtained during this test. Measurements in the flues leading from the 
main furnace indicated a fairly strong draft varying from .30 to .45 inch, 
while at the base of the stack a measurement of .85 inch was recorded 
at the end of the test. This indicates a large leakage of air through the 
fires and other openings in the gas consuming furnace and explains the 
presence of a large percentage of air in the flue gas analyses, as well as 
the failure of the gas consumer to raise the temperature of the products 
of combustion. 

Flue Gas Analyses. During the test eight samples of flue gas were 
analyzed. The results are comparable to those obtained during the pre- 
ceding tests and indicate the same general improper combustion with 
the presence of a large air excess. The average of the analyses is as 
follows: CO., 4.1 per cent.; O^, 16.0 per cent.; CO, 0,1 per cent.; and 
nitrogen, 79.8 per cent. 

Ashes from Furnace. Using the same assumption governing the 
calculation for the weight of garbage ash produced as was used for the 
preceding tests, the ash from the garbage and refuse during this test 
weighed 689 pounds. This is equivalent to 4.1 per cent, of the total 
refuse burned. The ash was finely divided, possessed no odor, and was 
apparently well burned. 
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SUMMARY. 

The studies of disposal of garbage by incineration in the ' 
cities of Ohio demonstrate interesting facts, the most salient of which 
are as follows : 

1. The plants as operated fail usually to dispose of the garbage at a 
temperature high enough to avoid the production of odors. 

2. The cost of operation is excessive. 

In table Xo. loi are given summarized temperature observation.s 
made at the plants working under ordinary operating conditions. It 
will be noted that in only one case, at Mansfield, was the average tem- 
perature as high as looo degrees. The maximum temperatures at Zanes- 
ville occurred at the end of the test, when the fuel and dried garbage 
burned quickly and are not, strictly speaking, to be included as maximum 
temperatures of operation. 



TABLE NO, 101. 

TEMPERATURES, WITH ORDINARY OPERATION, WITHIN COMBUSTION CELLS 
OF GARBAGE CREMA' 



City. 


Date of Observation. 


III 

< 


III 

s 






538 
972 
1,002 
803 
689 
742 
550 
760 
737 






























September 24, 1909 




Zanesville 

























In table Xo, io2 is given a comparison of fuel consumption, ob- 
tained from tests made at the various plants. It will be noted that the 
fuel consumption is excessive at ail of the plants. At Mansfield the 
economy was greatest, and it is interesting to note that the temperatures 
at this plant were the most satisfactory. 



)vGoo<^lc 



STATE BOARD OF 1IE.\LTII. 21 

TABLE NO. 102. 

COMPARISON Of FUFX CON'Sl-MPTIOX. GARBAGE CREMATORY TESTS. 



■M^^■. 



Camon 

Maiistield . . . 

Marion 

Steubem jlle . 
Zanesvi!le ... 



1.7 11.7 56.6 



* Coal equivalent of gas — 15 cubic feet gas — 
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APPENDICES II TO VII. 



In the following appendices, Nos. Ill to VII, are presented tables 
Nos. 103 to 150, which contain principally the analytical data secured 
during the study. 

Appendix No. Ill presents results of examination of the composi- 
tion of garbage. In tables Nos. 103 to 106 are the analyses of all of the 
composite samples collected at Cleveland, Cincinnati, Columbus and Day- 
ton. These include' a number of duplicate samples, and it is interesting 
to note the failure to secure check results in certain of the constituents, 
due to the impossibility of securing true average samples. In tables 
Nos. 107 to no the resuUs of tables Nos. 103 to 106, respectively, are 
presented after calculation to the dry basis. Table No. 11 1 contains 
analyses of garbage from the smaller cities of the state. In tables Nos. 
112 to 115 is shown the monthly variation in the analyses of garbage 
from the four large cities of the state. These monthly results are aver- 
ages of the results of tables Nos. 103 to 106. Tables Nos. 116 to 119 
contain the figures of tables Nos. 112 to 115 calculated to the dry basis. 
These tables, it will be noted, indicate no regular or accountable fluctua- 
tions in the constituents. In tables Nos. 120 to 122 are given results 
indicating the daily variation in analyses of garbage at Cleveland, Colum- 
bus and Dayton. Tables Nos. 123 to 125 contain the results on the dry- 
basis. The analyses of special samples representing high class residential,, 
low class residential, and hotel garbage are contained in table No. 126. 
Tables Nos. 127 and 128 contain analyses of composite samples of garbage- 
from Dayton. These samples were taken at the reduction plant from a 
paper mill beater, a machine installed and used for a time to grind the 
garbage before drying. These samples, it is thought, are the most repre- 
sentative ones collected, as all of the constituents contained in the garbage 
excepting the rubbish, metal, etc., were included in the sample. The very 
good mixture of the mass, brought about by its passage through the 
beater, assisted in the securing of a fair sample. It will be noted that 
the phospiiuric acid and nitrogen determinations are materially higher 
than in the analyses of the regularly collected composite samples from 
Day Ion. 

.Appendix IV contains results of examination of garbage tankage. 
Tables \os. 129, 130 and 131 contain analyses of tankage from Cleve- 
land, Cincinnati and Dayton, respectively. 

In Appendix V are given results of examination of the composition 
of rubbish and ashes. Tables Nos. 132, 133 and 134 present the results 
of hand separation of loads of mixed rubbish and ashes at Qeveland, 
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Cincinnati and Dayton; and in Tables Nos. 135, 136 and 137 the per- 
centages of the rubbish constituents are revised, after deducting the ashes, 
in order to show th& true composition of the rubbish. Tables Nos. 138,. 
139 and 140 contain analyses of composite samples of ashes from Cleve- 
land. -Cincinnati and Dayton. 

Appendix VI contains miscellaneous analyses. Table No. 141 gives 
the composition of street cleanings; table No. 142 contains analyses of 
coal used in crematory tests; and in table No. 143 are presented analyses 
of ashes from garbage crematories. 

Appendix VII contains tables showing the unit weight of garbage 
and rubbish-ashes. In tables Nos. 144 to 147 are given the wei^ts of 
garbage during the months of the year 1909 at Oeveland, Columbus and 
Dayton; and tables Nos. 148 to 150 give the weights of rubbish-ashes. 
obtained during the studies at Cleveland, Cincinnati and Dayton. 
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APPENDIX III. 

COMPOSITION OF QARBAQE. 

ANALYSES OF COMPOSITE SAMPLES. 
MONTHLY VARIATION. 
DAILY VARIATION, 
ANALYSES OF SPECIAL SAMPLES. 
ANALYSES OF COMPOSITE SAMPLES FROM 
BEATER AT DAYTON. 
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TABLE XO. 103, 

RESULTS OF ANALYSKS OF COMI'OSITF f 

Cleveland. 



BACE SAMPLES. 



= Date of ColLe 



9.7 ■ Man* 10. ' 



:..s i s. 



!0.2« 
El. 39 



I'm ' III 



;oi5 




;j38 




;ioa 

,078 




:S 




;oa4 
^o^T 

low 


'3 


!a«e 




,281 

; ."95 
i:974 


' 



TABLE NO. 104. 

RF.SUI.TS OF ANAI.V.SES OF COMPOSITE GAl 

Cincinnati. 



t.\GE SAMPLES. 



^ii?;:": 



153 I n.i 

187 I 7t).t 
lOi I 78. f 



































































»6 

»7 


o;k 


72 


^ 
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TABLE NO. 105, 

RESULTS OF ANALYSES OF COMPOSITE GARBAGE SAMPLES. 

Columbus. 



Ma, 


St' 

mbc 
lary 


;oo; 

S 
1 

. '08 
■ 30 

s, 






































uiy 






















Nov 


;f:^::::::::: 






















^2 








^r 













r;;ji? 



, «-44, «47. 5S, 60, S0-8J, 126-138 ai 
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TABLE NO. 106. 

RESULTS OF ANALYSES OF COMPOSITE GARBAGE SAMPLES. 

Dayton. 









1 


I. 




H 

n 

1 

1 
i3 


PercHiWget. 


! 


Dale of CoUection. 


i i 1" 


1 


1 


J 


8 

1 


is 
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*> 






»i',™,'^. 
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|79S 
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•i 

:589 

;'075 

i 


4,2,10.28 


o;5i 

si 

o:i9 

o.'en 
oiss 


o?n 




li 

II 




1 

22 
20 




6»0 
500 
6D8 


83 

S3 

so 

7S 
T6 






so 

31 
98 
IS 
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N 
81 

za 

1 

n 

43 

w 

03 
89 


1 
1 

1 

H 
1( 

It 

M 
If 

It 


SO 

TO 
08 

15 

i 
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B2 
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93 
18 


o'^ 
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August 
Seplem 
October 
October 
Novemb 
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53fi 
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TABLE NO. 107. 

' ANALYSES OF COMPOSITE GARBAGE SAMPLES. 

Cleveland. 
(Results Calculated on Dry Basis.) 





Date of Collection. 


1 

1 

2 
•s 




> 
1 

3 


Pereentag 


... 


1 


■s 




E 

1 




■1 


1 


~, 




80 
SB 

90 

87 
R7 


2.38 
3.25 

i'.t» 

2.40 

2:23 
2:86 
13,86 

13: 10 

u'.oe 


87(11 


S,S3S 

s.m 

S'.BIZ 

Km 
s'.eiie 

s'.'sm 

8,iS6 
8.685 
8,630 
B.iS« 
8.428 
8,^ 

s;j2e 

7:8«3 


w.'so 
K.n 

if 

14:47 
14:98 

is:w 
i8:»4 


I.'m ! 

i:o8 ! 

0,81 2 

1:22 ! 
o:»6 2 


27 

M 
33 

10' 

M 
50 

70 


1 77 






s: 


25 

77 

68 

3S 

06 
DO 
SO 


























































































































































m 
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Ulicate Sami>leB; aS-«, 61.62, 66-63, and 71-72. 

TABLE NO, lOH, 

RESULTS OF ANALYSES OF COMPOSITE GARBAGE i 

Cincinnati. 
(Results Calculated on Dry Basi?,) 



October 7, '09. 
November 6, 't 
December 8. 't 

February 8. 'IC 
March S, '10., . 
April 7, 10,,., 
May 3, '10,,., 
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TABLE NO. 10!). 

RESULTS OF ANALYSES OF COMPOSITE GARBAGE SAMPLES. 

Columbus. 
(Results Calculated on Dry Basis.) 





Dale o£ Collection. 


1 p.,„.,«„ 


H 

m 
S 

1 


P.„..u„.. 




1 
-, i 

i 1 1 


1 


1 

1 




2 


1 

1 


^ 


U. K. -00. 


Si iS 

41 1 Li.W 
30 1 15.44 
40 ' 15.75 

40 1 la.l.-) 

30 i 13. JS 
49 14^14 

It 1 ia>6 

41 j ip? 

44 1 10;74 
38 _ lO.BB 

11 1 n'.m 


4.89 
S4;96 

ffl.ai 

89. IM 


8,311 
8,318 

8,269 
8,363 

slosi 

b[3» 

l'^ 
8,3M 
8,418 

8;B20 

8:370 

8,48.) 
8,457 
8;fl55 

8;ai8 

B.83n 


i( 

M 

i; 

i( 


96 
35 

71 
88 
34 

12 
M 


0.78 
l.Ot 

0:77 

o;98 

a:33 

0.73 
O^M 




46 
40 

B 
48 

1 

53 
23 
1 




98 












































rn 
























»i 


Sfplember 7, 'n9 


18 
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139 






















>«ember 2, •<» 

tecember 3, '09 










03 














8l.fl7 1 8.350 








^ ' 
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TABLE NO. no. 

' ANALYSES OF COMPOSITE GAHUAGE SAMPLES. 

Dayton. 

(Results Calculated on Dry Basis.) 



October 20, 
November 'l 





1 

'10 




























April 2fl 
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TABLE NO. 111. 

RESULTS OF ANALYSES OF COMPOSITE GARBAGE SAMPLES. 

Canton, Mansfield, Marion, Steubenviiie and Zanesville. 



Pete 



1 

■s, 

1 


Cltx. 




. 1 


1 


J 


1 

1 


ti 

e 

1 




.ti 

z 


i 
t 


-3--4 




7/:(0/09 
2/1/10 

B/27/0* 

4/M-M/)0 

»/W/OB 

fl/aa/oB 

10/29/W 

n/ig/m 

II/IMB 


-'■ 1 


^ 


24.73 

n;34 
io;« 

0.00 


2;4M 

1,7M 


- 1- 


a 14 




o-n 






'.J 
1 




1 


72 




16 

46 
IS 


c 


21 
24 
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t 
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^J«l — ." 























































































TABLE NO. 112. 

MONTHLY VARIATION IN tOMPOSITION OF GARBAGE. 

Cleveland. 
(Averages of Analyses of Composite Samples.) 
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TABLE NO. 113. 

MON"Tln.V V.\RL\TIO.\ IN (.OMPOSITION OF GARBAGE. 

Cincinnati. 

(.\iialyses of Composite Samples.) 





ft: 
■?. is 

=1 ud 


Percentages. 


H 

1 


Percentages. 


Month 


1 
i 

i ! 


# 


1 'hi J 

1 1^15' 


£ 




1 1 i',102 1 tb'.s 


s!fi6 
3.32 


20:78 

2o:;n 
miss 


2- 092 

■i.m 

IS 

1,»B2 


8.2S 

3.M 
».*8 


oiae 


SI 

0.6B 






























1 1 ilsBS tb:! 1 Jiso 




















76.6 1 S.«6 


17.6T 


5.000 


1.03 


0.2S 
0.38 


53 












; ^'"^ 


74.1 


s.a, 


0.21 



TABLE NO, 114. 

MONTHLV V.\KL'iTI(>N IN COMPOSITION OF GARBAGE, 

ColllHlbllS. 

(.Averages of Analyses of Composite Samples.) 



Perci 



Maj-, "O* 1 2 i 1,177 73.2:1,00 

June, '■« r 8 ' i.ais : -:.5 ; 3.30 

July, 'i» i i I l.SW I 77.9 S.jf. 

August, '00 ^ j 3 I 1.2m I 79,7 I 3.0i 

xovembir. w'"!!!!! !!!! !!!!!!!! 1 ' I'.h^ \ i'e'.a \ s.eo 

December, '09 ' H 1 1.2;i ' 7S,7 | 3,39 

jfareh, ''■IJ ...'.'.'.\\l'.'.'.'.'.\\'.'.'.\'.\ ] ! "sii 1 foie i 2!i3 

Ajiril. 10 : 1 I l.Sii ' 73.9 4.61 

j.,?;v. •!;.■:::::::::::::::::::::::. Jj_|;§^|_7S:4!J;^ 

ATfrage i 1,173 I 70.4 I 3,8<l 

Maximum 1 1.31G 70,7 4,61 

Minimum I ' 813 I 73,2 I 3,43 
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TABLE \0. llo. 
MONTHLY VARIATION IN fOMJ'OSITION OF GARHACE. 

Dayton. 

(Averages of Analyses of Composite Samples.) 
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TABLE NO. IIB. 

MONTHLY VARIATION IX COMPOSITION OV GARBAGE. 

Cleveland. 
(Averages of Analyses of Composite Samples. Results Calculated en Dry i 




























































^- 







ill 
I I io:JS ! 



I Pi'.j't 

<i;fl5 I ii.fo j i.ns 
■ T.tfs is.re [ n.gi 






)vGoo'^lc 



SUPPLEMENT TO ANNUAL REPORT 

TABLE NO- 117. 

MONTHLY VARIATION IN COMPOSITION OF GARBAGE. 

Cincinnati. 

(Analyses of Comp9site Samples. Results Calculated on Dry Basis.) 
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TABLE NO. 118. 

MONTHLY VARIATION IN COMPOSITION OF GARBAGE. 

Columbus. 
(Averages of Analyses of Composite Samples. Results Calculated on Dry Basis.) 
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TABLE NO. U«. , 

MONTHLY VARIATION" IN COMPOSITION OF GARBAGE. 

Dayton. 
(Averages of Analyses of Composite Samples. Results Calculated on Dry Basis.) 







Percentagei. 




6 


Percentages. 


Month. 


i 


sa 










0. 












ie:Bo 

Bl.OO 

niio 

i7.Be 
ifl.ifi 


lilS 

i 

o.n 


^m 


.,. 




11 

1! 


so 

K 

so 

S8 

16 


1 


29 
60 

oe 
ae 

w 


f 

i 


1 




TO 

i 




























































j; 


U 


^ 


^ 


8 


iiza 


vt.n 

M.41 

M.J6 


1.00 




6S 







































TABLE NO. 120, 

DAILY VARIATION IN COMPOSITION OF GARBAGE. 

Cleveland. 
June 15 to June 21, 1909, and Dec. 15 to Dec 18, 1900. 
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TABLE NO. 121. 

DAILY VARIATION IN COMPOSITION OF GARBAGE. 

Columbus. 
June 1 to June 6, 1909. and Nov. 29 to Dec 4, 1909. 
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TABLE NO, 12?. 

DAILY VARIATION IN COMPOSITION OF GARBAGE. 

Dayton. 
July 12 to July 17, 1909. and Jan. 8 to Jan. 14, 1910. 
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TABLE NO. 123. 

DAILY VAHIATION IN COMPOSITION OF GARBAGE. 

Cleveland. 

Jiine 15 to June 21, 1909, and Dec. 13 to Dec. 18, 1909. 

(Results Calculated on Dry Basis.) 
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TABLE NO. 124, 

DAILY VARIATION IN COMPOSITION OF GARBAGE, 

Columbus. 

June 1 to June 5. 1909, and Nov. 29 to Dec. 4, 1909. 



(Results Calculated on 
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TABLE NO. 125. 

DAILY VARIATION IN COMPOSITION OF GARBAGE. 

Dayton. 

July 12 to July 17, 1909, and Jan. 8 to Jan. 14, I9I0. 

(Results Calculated on Dry Basis.) 
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TABLE NO. 126. 

RESULTS OF ANALYSES OF SPECIAL SAMPLES C 
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TABLE NO. 12T. 

? ANALYSES OF COMPOSITE SAMPLES OF GARBAGE FROM BEATER. 

Dayton. 
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TABLE NO. 128. 

RESULTS OF ANALYSES OF COMPOSITE SAMPLES OF GARBAGE FROM BEATER. 

Dayton. 
(Results Cakulaled on Dry Basis.) 
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APPENDIX IV. 



COMPOSITION OF OARBAOE TANKAOE PROM REDUCTION 
PROCESS. 



CLEVELAND. 
CINCINNATL 
DAYTON. 
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TABLE NO. 129. 

RESULTS OF ANALYSES OF TANKAGE FROM PROCESSES OF REDUCTION. 

Cleveland, 
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TABLE NO. 130. 

RESULTS OF ANALYSES OF TANKAGE FROM PROCESSES OF REDUCTION. 

Cmcinnati. 
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TABLE NO, 131. 

RESULTS OF ANALYSES OF TANKAGE FROM PROCESSES OF REDUCTION. 

Dayton. 
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APPENDIX V. 

COMPOSITION OF RUBBISH AND ASHES. 

MECHANICAL SEPARATION' OF RUBBISH AND ASHES. 
ANALYSES OF ASHES, 

CLEVELAND.. 

CINCINNATL 

DAYTON. 
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TABLE NO. 132. 

RESULTS OF MECHANICAL SEPARATION OF RUBBISH AND ASHES. 
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TABLE NO. 133. 

RESL'J.TS OF MECHAXICAL SEPARATION OF RUBBISH AND ASHES. 

Cincinnati. 
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SUPPLEMENT TO ANNUAL 



TABLE SO. 134. 

RESULTS OF MEfllANlCAL SEPARATION OF RUllBISil AND ASHES. 

, Dayton. 
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TABLE iVO. ma. 
RESULTS OF MECHANICAL SEPAR.\TION OF RUBBISH. 

tcsults of Table Xo. 132 Recalculated After Deducting Ashes and I 
Cleveland. 
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TABLE XO. 13(i. 

RESULTS OF MECHANICAL SEPARATIOK OF RUBBISH. 

(Uesults of Table Xo. 1*) Recakulatcd After Deducting Ashes and Dirt.) 
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TABLE NO. i;J7. 

RESULTS OF MECHANICAL SEPARATION' OF RUBBISH. 

(Results of Table No. 134 Recalculated After Deductings Ashes and Dirt.) 
Dayton. 
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SUPPLEMENT TO ANNUAL REPORT 

TABLE NO. 138. 

RESULTS OF ANALYSES OF ASHES. 
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TABLE NO. 139. 

RESULTS OF ANALYSES OF ASHES. 
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TABLE NO. 140. 

RESULTS OF ANALYSES OF ASHES. 

Dayton. 
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APPENDIX VI. 

MISCELLANEOUS ANALYSES. 

ANALYSES OF STREET CLEANINGS, 

ANALYSES OF COAL. 

ANALYSES OF ASHES FROM CREMATORIES 
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TABLE NO. 141. 

AN.^LYSES OF STREET CLEANINGS. 
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T.A.BLE NO. 142. 

RESULTS OF ANALYSES OF COAL. 
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TABLE \0, 14:1, 

RESULTS OF ANALYSES OF ASIIKS FROM CREMrtTORIE! 
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Ash from Kirbage burned Apri 

Ash from garbage'bumedApri 


fuel 


i,»i 








28. 


9.9 










16? 1 Canton 


Ash from coal horned Febma 


y ■'- 


1 994 


120 1 Mansfield 


A?h from coal bumeil November 


ifi. 




7- 


IH 1 Mansfield .,,.- 


Adi trrm goal burn=d November 


IB, 




8-9 




consumer April 22, Ifllll, 












.... 
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APPENDIX VII. 

WEIGHT OF OARBAQE— WEIGHT OF RUBBISH AND ASHES. 

CLEVELAND. 
CINCINNATI. 
COLUMBUS. 
DAYTON. 



I 
i 
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STATE BOAitD OF HEALTH, 

TABLE NO. 144. 

WEIGHT OF CABBAGE. 

Cleveiand. 



February . 



's= I is 



September . 
October ... 
November . 
December . 



5.370 : 


1.310 






4.7J9 ; 


i.aio 


4,510 1 


1.315 


4,726 ; 


1.350 


5.420 


1.460 


5. 74.5 1 


1 .:i75 


6.713 i 


1.315 


6,713 : 


1.435 


6.014 : 


1.445 




1.445 


5.8O0 i 


1.115 



* Department Records. 



TABLE NO. 145. 

WEIGHT OF GARBAGE. 

Cincinnali. 



yi 



January . . . 
February . . 

March 

April 

May 

June 

July 

September . 
October ... 
November . 
December . 



Totals 



3.158.6 '■ 
4.314.4 I 
4.215.6 ' 
4.791.8 I 



3.013 ■' 
2.!>I3 
2.890 



4.658 ' 
4.198 
4,450 ' 



• Department Records. 
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SUPPLEMENT TO ANNUAL REPORT 



TABLE NO. 146. 

WEIGHT OF GARBAGE. 

Columbus. 



Date: 


I 

1^ 


n ■ 

m 




17 
149 

31 
35 
30 
30 
25 
261 
41 
23 

33 
37 
26 


1 177 






July 6, 1909 


1 323 








1,221 
















1,022* 


January 31, 1910 


1,077* 




1 229 








1 222 






Average 




1.180 









TABLE NO. H7. 

WEIGHT OF GARBAGE. 

Dayton. 



Date. 




III 




25 
15 
U 
,102 
12 
36 
20 
18 
81 
17 
18 
19 
22 
20 














1 550 








1 612 




















l"523 
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STATE BOARD OF HEALTH. 



TABLE NO. H8. 

WEIGHT OF RUBBISH AND ASHES. 

Cleveland. 







"S 


"o 


















Dale, 


n 


s 


6 








Is 


v^ 


sj 


It 






z 


<; 


< 


< - 


< 


May 15, 1909 


5 


3,498 


3.5 


999 


86.2 


July 21, 1909 














September !7, 1909 


1 


3,750 


3.5 


1.071 


90 


'>. 


November 11. 1909 


2 


2,363 


3 5 




71 


4 


January 20. 1910 


2 


3,041 


3.5 




90 




March U, 1910 


1 


2.540 


3.5 


726 







April 12, 1910 


^ 


2,858 


3.5 


817 




H 


June 1, 1910 


1 


2.220 


3.5 


634 


80 


2 


Are race 




2,920 


3.5 


834 




1 







TAIiLE NO, 149, 

WEIGHT OF RUIiDISH AND ASHES. 

Cincinnali. 



Dale. 


II 
Is 


< 


% 

< 


< 


ij 

< 


May 38, 1!M)9 

June 11. \mj 


2 


1.680 i 2.46 
1,8S3 1 2.46 
1,300 1 2.37 
1,818 ; 2,37 
2,000 1 2.55 
2.000 1 2.55 
2.080 ! 2.37 
2,139 1 2.41 
2,390 I 2.37 
1,697 1 2.45 
1.463 2.37 
1.650 2.41 


705 
549 
767 
784 
784 
878 

1,009 

617 
685 


83.7 
72.4 


September 10. 1909 




78.0 










February 10, 1910 

March 4. 1910 

.■\pril 6. 1910 

Mav4. 1910 

June 7, 1910 


93.2 
92.1 
82.3 
76.6 
72.1 






759 


81.6 


1 
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SUPPLEMENT TO ANNUAL REPORT 



TABLE NO. 150, 

WEIGHT OF RUBBISH AND ASHES. 

Dayton. 



Date. 


•2 . 
si 

11 
z 


s 
< 


< 


i 

< 


IJ 




2 
3 
2 
2 


5,375 
4,590 
3,210 
3,800, 
3.885 
3,730 

6!340 
5,233 
4,860 


3.52 

. 4,29 

3.52 

3.78 
4.52 
3.52 
4.52 
3.86 
4.30 
4.52 


1,629 
1,070 

913 
1,005 

859 
1,059 

672 
1,383 
1,217 
1,075 












































Averaee 




4,458 


4.09 


1,090 
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LIST OF PLATES. 

Plate I. Canton Garbage Crematory, 
Plate II. Mansfield Garbage Crematory. 
Plate III. Marion Garbage Crematory. 



iv-l 



Steuben ville Garbage Crematory, 
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STATE BOAKD OF HEALTH, 



3 1 



;[ 




I 



3: 






; ii ^^4 IE: 
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STATE BOARD OF HEALTH. 







i j 




3 S 


1 


1 
! 

1 
! 




1 .' 


Ml 


' ^""o 


'/■ 
{■■ 

i ■' ^ 

I:- I 

1 


!'!|l 




til!. 


To a 
Ja a 


lljl 

i A, 


^ps 
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STATE BOARD OF HEALTH. 
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STATE BOASD OF HEALTH. 




Uoot^lc 



„Gooi^lc 



STATE BOARD OF HEALTH. 
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Analyses — PAGE 

ashes, from etematories 2W 

household 33, 2H, 255 

coal 259 

flue gas 179, 184, ISl, 196, 197. 203, 207, 212, 216,219 

garbage 23, 24, 229^13 

street cleaning 35, 259 

tankage 71, 247, 248 

Analjrtical methods 10 

Ashes 

from crematories — 

analyses 260 

physical characteristics .... 183, 186, 189, 194, 201, 206, 209, 214, 218,221 

quantity 178, 192, 202, 210, 223 

household — 

analyses 33, 254, 255 

character 31-33 

mechanical separation '. 32 

sampling 10 

weight per cubic yard 29 

Burial of garbage 47, 48, 106, 107 

Burning of garbage 50-52, 175-223 

Canton, methods of collection and disposal of wastes '. . 183-41 

catch basin cleaning 141 

garbage 133-39 

collection of 134 

. cost data 138-39 

disposal of 135-37 

past experience 133-34 

quantities collected 137-38 

rubbish and ashes 139 

street cleaning 140-41 

Cars, garbage 65, 90. 110,122 

Catch basin cleaning.. 46, 86, 102,141 

Cincinnati, methods of collection and disposal of wastes 88-103 

catch basin cleaning 102-3 

dead animals 94 

garbage ; 89-94 

collection districts - 90 

collection equipment 90 

- cost data 94 

disposal 90-93 

past experience 89 

quantities collected 93 

night soil 103 

rubbish and ashes 94-98 



■-85 
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2S6 INDEX. 

Cincinnati methods of collection and disposal of wastes — Concluded. pack 

collection districts 95 

collection equipment 95 

cost data 98 

disposal 96 

methods of collection 95 

quantities collected 96-97 

street cleaning 98-10-2 

cost data lfll-2 

disposal 101 

equipment 99 

methods -. 99 

quantities collected 101 

Cleveland, methods of collection and disposal of wastes 61-87 

garbage 62-76 

collection districts 64 

collection equipment 64, 65 

cost data 73-76 

disposal 66-72 

methods of collection 6S, 66 

past experience 62. 63 

quantities collected 73, 73 

dead animals 76, 77 

rubbish and ashes 77-81 

collection districts 77 

collection equipment 78 

cost data 81 

disposal 78-80 

methods of collection 78 

quantities collected 80 

catch basin cleaning 86 

night soil 86, 87 

street cleaning 81-85 

cost data 86 

disposal 83 

equipment 82 

methods 82. 83 

quantities collected 84, 85 

analyses 259 

quantity used for incineration :...178, 192, 202, 210,223 

Collection of garbage samples 8 

Columbus, methods of collection and disposal of wastes 104-19 

dead animals 115-16 

garbage lOS-15 

collection districts 108 

collection equipment 108-10 

cost data 114-15 

disposal 110-13 

methods of collection 110 

past experience 105-07 

quantities collected 113-14 

night soil 119 

rubbish and ashes 116 



Uq.i.ze.b.'C^OO'^IC 



INDEX. 287 

Columbus methods of collection and disposal of wastes — Concluded. PAGE 

street cleaning 116-19 

cost data ._ 118-19 

equipment 117-18 

Cost data — 

catch basin cleaning 58, 86, 103 

garble — 

collection 54, 74, 127, 169 

collection and disposal 56, 76, 94, 115, 170 

disposal 55, 75, 139, 152, 153, 160, 161, 170 

equipment, etc 73. 114, 115, 138, 146, 152. 160 

rubbish and ashes — 

collection and disposal 56. 57, 81, 98, 130 

street cleaning 57, 58, 85, 102, 118, 119. 132, 162, 171 

Cremation of garbage 60, 52, 175-2S3 

Dayton, methods of collection and disposal of wastes 120-32 

dead animals 127-28 

garbage 120-27 

collection districts 121 

collection equipment 121-22 

cost data 127 

disposal 122-26 

methods of collection 122 

past experience 120-21 

quantities collected : 126 

rubbish and ashes -. 128-30 

collection , . ." 128 

cost data 130 

disposal 128-29 

quantities collected 129-30 

street cleaning 130-32 

cost data 132 

disposal 131-32 

equipment 131 

methods 131 

Dead animals ._ 53, 76, 94, 127, 146 

Development in collection of rubbish and ashes 13 

Development in garbage collection and disposal 12-13 

Development in street cleaning 13 

Disposal of garbage by incineration 175-223 

Canton, tests on crematory 177-89 

general 175-76 

Mansfield, test on crematory 190-9i 

Marion, test on crematory 194-201 

Steubenviile. tests on crematory 201-09 

summary, tests on crematories 22S— 23 

Zanesville, tests on crematory 209-21 

Disposal of wastes — 

ashes, see dumping 52 

catch basin cleanings, see dumping 52 

dead animals .' 53 

garbage, see burial, reduction, and burning 47-52 

methods 47 

manure 53 
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